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PROJECT BAA-206

MAGLEV/RAIL INTERMODAL EQUIPMENT AND SUSPENSION STUDY

FINAL REPORT

EXECUTIVE SUMMARY

The PB Team surveyed the physical and operational characteristics of four
existing and planned maglev systems pertinent to the intermodal interface for
each system. The maglev systems investigated include:

Grumman "New York State" (Configuration 002) Maglev

Transrapid Intercity (Transrapid 07) Maglev

" HSST Passive Intermediate Speed (HSST-300) Maglev

Japan Railways Vertical Magnet (Configuration MLU 002) Maglev

These systems characteristics were evaluated and addressed such issues as:

Type of levitation

Guideway requirements for carrier entry'; levitation and propulsion (This
information would be used to evaluate the feasibility of transporting
maglev vehicles in some fashion over existing railroad tracks, i.e., in a
"piggy-back" mode.)

Vehicle dimensions

Limiting’ route alignment

Loaded vehicle weight.

Height of door sill, door configuration
Maximum train length

Method of coupling



° Operational characteristics at slow speed

° Sﬁpporting strl_Jcture when not levitated

° Levitation power requirements and sources |
e  Auxiliary power requirements and sources

° Vehicle dynamics stationary on carrier

A matrix displaying this information was prepared for each maglev system.

If these maglev systems are to be commercially and economically viable, they will
have to access the centers of major metropolitan areas. The focus of this study
was to investigate the feasibility of using existing railroad rights-of-way to access .
center-city terminals, in one of three possible methods:

° maglev vehicles travel over existing railroad tracks with the use of steel
guide wheels and some means of exterior propulsion (e.g. locomotive,
power.) A modification of this alternative would be to construct a "dual-
mode" (or "at-grade") guideway, essentially a maglev guideway outfitted
with standard rails at gauge;

° maglev vehicles are transferred onto modified railroad flatcars and
transported over existing railroad tracks with locomotive power; or

. new grade-separated maglev guideways would be constructed on
' existing railroad rights-of-way, either in an exclusive or shared right-of-way
configuration.

As a result of using existing railroad corridors, certain mandated horizontal and
vertical clearance requirements must be met. AREA clearance requirements
were compared with those used by Amtrak for unrestricted operation on its
nationwide system, with the finding that Amtrak clearance requirements were the
most restrictive. This information was used to prepare a total of three summary
clearance diagrams for maglev equipment. Because the Eastern U.S. Summary
Clearance Diagram more correctly addresses the high platfiorm station




configuration, and high platforms are assumed for maglev operations (low
platforms would necessitate a longer station dwell time), this diagram was used
to assess the compatibility of present and planned maglev technologies with
existing railroad infrastructure around the country.

Each of the four maglev technologies were superimposed upon the Eastern U.S.
Summary Clearance Diagram in two different modes of transportation - the
"piggyback" and the "at-grade" modes. Their impacts upon the clearance
diagram were evaluated, and advantages and disadvantages of each
transportation mode were discussed. '

The results of this preliminary feasibility analysis for the four maglev technologies
and the two transportation modes were summarized with the finding that both ‘
the JR MLU 002 and the HSST-300 systems fit within the required clearance
diagram. Both the HSST-300 and JR-MLU 002 maglevs appear to be feasible in
the "piggyback" mode, but only the JR MLU 002 might possibly work in the “at-
~grade" mode. The JR design has the significant advantage of being able, with
minor modification, to run on existing rails on its own or to be accommodated on
board a rail car carrier, but its development is at least ten years away and very’
little information was available during the course of the study on which to base
meaningful conclusions.

At this time, the required clearance envelope for unrestricted operation on
existing railroad corridors in the United States preciudes use of the Grumman
and Transrapid maglev systems in either the at-grade or piggyback modes due
to their excessive width and wrap-around body designs. However, further
investigation ‘of individual corridors in the United States could identify fécility
andf/or operational modifications that would permit use of these wider
technologies to gain access to center city terminals. |

As a result of the above discussion, the HSST-300 maglev technology was
carried forward in this study for the investigation of a maglev-rail car carrier
intermodal concept. |



The maglev-rail car carrier intermodal concept would allow the selected HSST-
300 maglev to transition from the high-speed maglev guideway to a modified rail
car carrier for transport over existing corridors into center city terminals.
Obviously, this transition location would be as close as possible to the terminal to
minimize the travel time in the "piggyback" mode. This investigation showed that
this transition process is technically feasible and can be achieved within a four-to-
five minute time span with little or no passenger disruption. However, if this
intermodal concept is furthered as a means of accelerating maglev
implementation in the U.S., much more work would be necessary.

To assess the feasibility of maglev systems accessing existing center city
terminals in the United States, information on 15 selected cities was reviewed.
These cities anchor major metropolitan areas in some of the most heavily
travelled transportation corridors on the west coast, midwest and east coast, and
were thought to be good candidates for some type of high speed guided ground
transportation in the future. This information was further bolstered by telephone
conversations with appropriate Federal, State and local officials, where special
attention was paid to: 4

° the presence and location of existing transportation terminals and their
effectiveness in serving the needs of the individual metropolitan area;

° the physical characteristics of the transportation corridors which serve
those terminals;

° characteristics of adjacent land uses, and any proposed modifications;

° plans for major capital investment in transportation facilities (e.g., transit
systems, multimodal facilities, major rehabilitation, etc.);

° restrictive horizontal and vertical clearances;
° horizontal curve radii;
° length and height of existing station platforms and the presence of

platform gaps;
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° characterstics of current operating equipment;

. presence of electrification and power pickup arrangements, if applicable;
and
° present and future interfaces with other transportation modes.

At the same time, certain operational characteristics such as terminal and line
ownership, existing traffic levels, timetables and other factors were evaluated as
that information was made available. '

The individual urban areas were described in terms of their existing transportation
infrastructure and future transportation plans and the feasibility of implementing maglev
systems in these areas was assessed. In assessing these individual urban areas,
certain assuniptions regarding the viability of certain corridors which access the central
business districts were made. Much of the proposed corridor discussion assumes the
shared use of existing railroad right-of-way, an important component of any future high
speed transportation network. (A recent Martin Marietta study estimates that shared
railroad right-of-way could represent about 77% of any future maglev system’s route
length required to penetrate center cities, as compared to about 17% for shared
highway right-of-way.) Any proposed alignments that are addressed assumes
acceptance of this shared right-of-way concept, and have not been discussed with the
asset owners, adjacent land owners, city residents, environmental groups or appointed/
elected officials in the individual urban areas. Following are recommendations for those
individual urban areas.

7.2 Recoﬁmendations

San Francisco

The existing CalTrain terminal at 4th and Townsend Streets does not serve the central
business district (CBD) well, as it is geographically distant and has limited intermodal
capability. This deficiency is being addressed in the study for a possible new terminal,
but the construction cost estimate for either of the three alternatives may delay
implementation of this worthwhile project. In an associated matter, the planned
alignment for this terminal relocation project would severely constrain speeds into and
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out of the CBD. Should the proposed terminal project be delayed, an alternative
location for a terminal station could be at the San Francisco International Airport.

The CalTrain corridor to San Jose is well suited, for the most part, for higher speed
operation. Numerous grade crossings would require separation and some curve
smoothing would be desirable.

Los Angeles

Los Angeles Union Passenger Terminal (LAUPT) is centrally located in downtown Los
Angeles and is fast becoming a true intermodal terminal. As such, it deserves further
consideration as a future high speed transportation terminal. The access into and out
of LAUPT is rather circuitous and would have to be improved for a future high speed
(HS) system One.question to be addressed in the near future will be LAUPT’s ability to
absorb future HS activity along with its present and proposed operations. The
Southern Pacific Transportation Company (SPTC) S_an‘Fernando corridor appears to be
rather well suited for higher speed operation, but has numerous grade cfossings. that
would require separation in some fashion. "

San Diego

' The old Santa Fe Depot ‘is well located within downtown San Diego, and is also
becoming a true intermodal terminal. The railroad corridor which accesses the terminal
from the north is constrained by existing land use and topographical features,
consequently speeds would have to be adjusted accordingly. North of State Highway
52, the Interstate 5 alignment should be followed until the railroad corridor once again
parallels Interstate 5.

| St. Louis

The city appears to be furthering a planned intermodal facility just west of Union Station,
however, a re-examination of the Union Station site should be made. The old terminal
has undergone a dramatic renovation and has a tremendous unused capacity for
additional transportation infrastructure. Using Union Station as the future intermodal
terminal would also negate the need for an additional Metro Link station at Jefferson
Avenue. If possible, the existing MacArthur Bridge should be used to cross the
Mississippi River.
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Chicago

Chicago Union Station (CUS) appears to be a natural choice for a future maglev
terminal. There are no major physical restrictions, an extensive station renovation is
being completed and the proposed Central Area Circulator project would provide easier
interface with other activity centers and transportation modes. The SPTC/Amtrak/Santa
Fe corridor which parallels the DesPlaines River appears to be well suited for higher
speed technology. One area requiring further study would be the corridor’s intersection
with Conrail/Norfolk Southern (NS) trackage just south of the Chicago River. CUS’
ability to absorb additional transportation operations would also require study.

Cleveland

The existing infrastructure and ambitious plans for Tower City Terminal make the
terminal the restored focal point for intermodal transportation in Cleveland. The railroad
alignments necessary for access to the terminal are more circuitous and will require
extensive speed restriction. One primary focus of future study should be the
improvement of these corridors for higher speed operation.

Buffalo

The existing Exchange Street Station is in a prime location to serve as a future maglev
terminal. lts intermodal transportation capability is well documented, however, run-
‘through flexibility should be improved. This improvement may be possible west of the
station by constructing a southbound connection to the existing lakefront trackage
which parallels State Highway 5. '

Rochester _

The existing intercity rail terminal in Rochester is in a fair location and could serve as a
‘future maglev terminal. However, the trackage accessing the terminal from both the
east and west has some constraining curvature and should be straightened if at all
possible. Additional investigation into alternative terminal locations should occur at
some future time.
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Syracuse

Officials in Syracuse have recognized the inability of their existing rail terminal to serve
as a future intermodal terminal and have initiated studies for a new site. However, there
are some reservations about the location of the proposed Park Street site with respect
to its proximity to downtown and Syracuse University. The possibility of sharing the
Interstate 690 right-of-way north of downtown and reusing the old New York Central
terminal should be re-examined.

Albany

It would be possible to have the maglev terminal in Rensselaer, which has adequate bus
and taxi connections into the greater Albany area. However, other locations for an
intermodal terminal are being discussed and it is too soon to tell if any of these garner
support. Another issue which will impact the decision is the proposal to link a future, -
intermodal terminal in Rensselaer with an extensive Riverfront development. For the
most part, the corridor running through Albany / Rensselaer is suitable for higher speed
operation. '

New York City

]

Penn Station is the intermodal terminal facility in New York City and is undergoing an
extensive improvement project. However, there are some problems in using this
terminal as a future maglev station. First, the tunnels under the Hudson and East Rivers
are very narrow and would not allow wider equipment without modification. Second,
Penn Station suffers today from the lack of operational capacity. Lastly, trains
accessing Penn Station from the north must travel the Westside Connection which
includes a very constrained curvature as it approaches the station. All of these issues
must be addressed adequately before Penn Station could be used as a future maglev
station. if maglev access into Penn Station is not possible for some reason, an
alternative transfer station outside the city would have to be evaluated. -
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Pittsburgh

Penn Station is centrally located and could serve as a future maglev station. However,
the hilly topography of the metropolitan area creates a difficult climate for high speed
operation. Curves are tight and grades are steep and maglev (or other high speed
technology) would have to overcome these with expensive structures and bridges.

Philadelphia

The 30th Street Station is ideally situated for use as a future maglev terminal. It is truly
an intermodal facility and appears to have adequate capacity for additional
transportation infrastructure. Obviously, the Northeast Corridor is perhaps the best -
corridor in the nation for further high speed improvements.

Boston

The intermodality and commercial activity present at the South Station Transportation
Center, coupled with on-going improvements on the New Haven to Boston corridor,
makes this an ideal location for a future maglev terminal.

Washington, D.C.

The unique mix of transportation modes, commercial activity and the relatively high
speed Northeast Corridor makes Union Station the likely candidate for a future maglev
terminal in Washington, D.C.
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1.0

1.1

PROJECT BAA-206
MAGLEV/RAIL INTERMODAL EQUIPMENT AND SUSPENSION STUDY
FINAL REPORT

INTRODUCTION

In September 1990, the U.S. Departments of Energy and Transportation and the
Army Corps of Engi'neers issued Broad Agency Announcement (BAA) 90-1
soliciting abstracts for the study of a wide variety of subjects related to
magnetically levitated (maglev) transportation.

In response to this solicitation on October 5, 1990, Parsons Brinckerhoff Quade
& Douglas, Inc. submitted an abstract proposing the study of a method of
transporting magle\v trains from the perimeters of densely populated urban areas
to their central business districts (CBD) over existing railroad facilities using
modified flatbed rail cars.

In November 1990, Parsons Brinckerhoff was notified that its abstract had been
selected for further study from over 200 received and in March, 1991, the firm
was notified that its proposal had been selected as one of 27 for negotiation of a
contract. Following that negotiation, Parsons Brinckerhoff was awarded a
contract on July 12, 1991 to commence with the study, which was to be
completed in December 1992. (A contract modification extends the study
schedule to February 1993.)

Purpose of Study

This study is based upon a hypothesis in which maglev vehicles are transferred
onto specially designed railroad flatcars to provide maglev access to the CBD’s
of major metropolitan areas. At the same time, the study evaluates existing
railroad infrastructure, particularly, selected center city terminals and the
corridors which access them.



Magnetically levitated vehicles are proposed to provide high speed surface
transportation between major urban centers in the U.S. One of the major
challenges for such systems is right-of-way access to the urban center
traditionally served by rail. The traditional approach to urban access has been to
construct new, grade separated guideways and terminals to accommodate a
new system. However, in today’s metropolitan centers, the cost of such an
approach may be prohibitive.

1.1.1 Solution Concept

This study analyzes new concepts for accessing major center-city
‘passenger terminals by means of existing railroad infrastructure in an
effort to maximize comfort, convenience and speed for the users of the
system, to make maglev accessible for terminal operations, maintenance
and deliveries, and to minimize cost and disruption to the urban
community. ~ | '

1.1.2 Project Objectives

The objectives of the study are:

To determine the access limitations to major urban inter-city public

transportation terminals;

To determine the physical and technblogical feasibility of the

maglev/rail intermodal transfer vehicle concept;

To provide a conceptual layout, design and feasibility analysis for
one selected typical passenger terminal intermodal interface served
by one selected typical inter-city maglev; and

To evaluate selected center-city terminals and the corridors that
access them, and determine the feasibility of implementing maglev
systems on this existing infrastructure.



1.2

Study Structure and Schedule

Densely populated urban areas separated by a distance of up to 805 km (500
miles) are recognizéd as a potential market for maglev. This study addresses
access to public transportation terminals in cities included in the following
corridors:

1.2.1

San Francisco, Los Angeles, San Diego

St. Louis, Chicago, Detroit

Detrpit, Cleveland, Buffalo, Rochester, S.yracuse, Albany, New York City
Cincinnati, Pittsburgh, Philadelphia

Boston, New York City, Philadelphia, and Washington.

Approach

Chapter 2 discusses the physical and operational characteristics of four
existing or proposed maglev systems pertinent to the intermodal interface
for each system. The study identifies in Chapter 3 the limiting
characteristics of a maglev vehicle that can negotiate the approaches to
the urban terminals on board the rail car carrier. The possibility of
constructing "dual-mode" guideway that would accommodate both
maglev vehicles and railroad equipment on the same guideway is
addressed in Chapter 4. (This "dual-mode" guideway concept was
investigated by Thyssen Henschel for the Federal Railroad of Germany
(Deutsche Bundesbahn) in 1987. Thyssen Henschel believed the "dual-
mode" guideway was technically feasible and would add a premium of
about 45 percent to the cost of constructing a normal guideway for
magnetic levitated trains.) The feasibility of operating both the piggyback
and dual-mode (or "at-grade) concepts over existing railroad corridors is
tested in Chapter 4, particularly with respect to required clearances on
those corridors.
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The concept of transferring. maglev vehicles onto modified railroad flatcars
and transporting them over existing railroad tracks with locomotive power
(i.e., in "piggyback" fashion) is addressed in Chapter 5 of this report. A
description of the fifteen (15) selected cities follows in Chapter 6. The
existing railroad terminals and corridors are evaluated with respect to
future maglev operation, particularly with regard to their possibility for
intermodality and physical restrictions such as bridge / tunnel cross-
sections, platform heights and lengths and restrictive alignments.
Conclusions and recommendations are presented in Chapter 7. o

Program Limits

This study is limited to addressing those issues directly related to
demonstrating the feasibility of the maglev/rail intermodal interface
concept, and its physical implementation in selected United States cities.

End Products .

The end product of this study is to be a one volume final report which
encompasses the findings of three interim volumes. The individual
volumes summarize various aspects of the study as follows:

Volume 1 describes the restrictions to gaining access to the existing
urban transportation terminals and the characteristics of several existing ‘
or proposed maglev designs. Based on these findings, the report further
describes the available clearance envelope for a Maglev / carrier for each
of the maglev designs considered in combination with each characteristic
urban access route. For systems where the available envelope is too
small, qualitative judgments are provided addressing the cost
effectiveness of eliminating the interferences.

Volume 2 describes a complete transfer scenario for a selected
configuration. Included in the discussion is the basis for choosing the rail
carrier configuration and qualitatively how the other maglev designs
considered would be handled. The report includes layout drawings and



the general strength, power and braking, and performance requirements
for the rail carrier configuration chosen.

Volume 3 summarizes the results of the study presented in the first two
volumes, further evaluates the characteristics of center city transportation
terminals and their associated corridors and assesses the feasibility of
implementing maglev systems in these urban centers.
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MAGLEV SYSTEM CHARACTERISTICS

The PB Team surveyed the characteristics of four (4) existing and proposed
maglev systems and produced a matrix that compared those physical and
operational characteristics pertinent to the intermodal interface for each system.
The maglev systems investigated include:

Grumman "New York State" (Configuration 002) Maglev - This maglev
design, proposed by the Grumman Corporation for the initial New York
State Maglev evaluation, uses electrodynamic suspension (EDS) with
linear synchronous motor (LSM) propulsion.

Transrapid Intercity (Transrapid 07) Maglev - The most advanced maglev
system built to date, this system is ready for commercial appllcatlon and

: uses electromagnet|c (EMS) technology.

HSST Passive Intermediate Speed (HSST-300) Maglev - Still in the early
stages of development, this EMS maglev system was selected because it
is a higher speed version of earlier prototype models and has been
proposed for use in Nevada and other locations.

Japan Railways Vertical Magnet (Configuration MLU 002) Maglev - This
system was built as a test vehicle using EDS technology. The prototype
vehicle was destroyed in an October 1991 fire. Designers are presently
developing the next-generation system, but full commercial development

is perhaps 10 years away. Before the fire, this system represented the
- best developed EDS technology

The physical and operational characteristics of these systems were evaluated
and the following issues were addressed: -

Type of levitation

Guideway requirements for carrier entry, levitation and propulsion (This
information was used to evaluate the feasibility of transporting maglev
vehicles in some fashlon over existing railroad tracks, i.e., in a "plggy-
back" mode.)

Vehicle dimensions

Limiting route alignment
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2.2

Loaded vehicle weight

Height of door sill, door configuration
Maximum train length

Method of coupling

Operational characteristics at slow speed
Supporting structure when not levitated
Levitation power requirements and sources
Auxiliary power requirements and sources
Vehicle dynamics stationary on carrier

Grumman "New York State" (Configuration 002) Maglev

Earlier developments, Configurations 001 and 002, were based on
électrodynamic suspension (EDS) technology. As part of their System Concept
Definition (SCD) contract, Grumman has started developing a new system based
on superconducting electromagnetic suspension (EMS). Based upon
discussions with Grumman representatives in October 1991, it was decided to
include this newer development in this study. (Further refinements in this
proposed system show differences between the final Grumman SCD concept
and this report. However, to avoid unproductive efforts in trying to "hit a moving
target," the system characteristics as presented in this report were not revised.)
This new system is still in the conceptual design stage. No test car has been
built and several vehicle parameters are yet to be finalized.

)

Transrapid Intercity (Transrapid 07) Maglev

The German Transrapid 07 is the most advanced maglev built and is shown on
Figure 2-1. This model was selected for this study because of its 500 kph (311
mph) design speed that is considered to be favorable for intercity transportation.
Transrapid 07 is ready for commercial application and has been tested in a
continual near-service operation at 435 kph (270 mph) sustained speed on its

_test track at Emsland, Germany. The maximum bending angle between

adjoining sections is about 3 degrees (which corresponds to a horizontal curve
with an approximate radius of 1030 meters or 3,380 feet) and may not be
sufficient to negotiate tight curves or narrow reverse curves common in existing
railroad corridors and passenger terminal areas.
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FIGURE 2-1
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HSST Passive Intermediate Speed (HSST-300) ‘Maglev

The HSST-300 configuration maglev technology has a proposed maximum
speed of 330 kph (205 mph), and is proposed as an intercity mode of
transportation by the builder. (See Figures 2-2 and 2-3.) HSST-300 technology
is based upon earlier prototype models, HSST 100 and HSST 200. Three
prototype cars of HSST 200 have been built and run at lower speeds. No high
speed runs, other than the small unmanned HSST-01, have been made, but the
builder has planned high speed testing on the proposed Las Vegas project.
HSST-300 is in the early stages of development.

Japan Railways Vertical Magnet (Configuration MLU 002) maglev

The MLU 002 was built as a test vehicle by the Japanese using electrodynamic
suspension (EDS) technology (see Figure 2-4). This vehicle uses
superconducting magnets requiring a cryogenic cooling system. The latest
development (MLU OOX 1), is described as the proposed commercial
application in this study. The MLU 00X 1 also utilizes EDS technology, but its
shape and overall cross-sectional dimensions are constantly evolving. One
reason for these changes is that the Japanese are anticipating much of their
transportation to be.underground. An optimum shape and resulting reduced
overall dimensions will probably lead to less tunnelling costs and reduced air
drag. The magnetic suspension bogies are located at the ends between the
vehicles. The final JR maglev design is still considered to be undefined. Full
development is not expected to be achieved for at least ten years, and was set
back somewhat by a vehicle fire in October 1991 that destroyed the MLU 002
vehicle. Designers are presently working on a new vehicle (Configuration MLU
OO0X 1). Little information on their schedule is available at this time.

The system characteristics for all four systems are summarized in Table 2-1.
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TABLE 2-1

HSST Passive - JR Vertical
State Maglev Intermediate Speed Magnet Maglev
(Configuration 002) Transrapid 07 (HSST — 300) {MLU 002)
[ Yype ol Cawihion — Aractive Magnet [EWS] |
"Vmomum Test Speea N Testsd BXIVIT (270 Mph) KIMAT. @05 A
| Ssrice Spesd o kmAT. (12 mph) projected 300 800%I/IY. (188 - 312 mph) :Imunm (188 mph) smimated emokmtr. (342 mphy
. wnmom g2 n) 10 mm 0B 5 11 mm QM 100 mm @9 n)
Propulsion Located in: |Gurseway (ong staton [Verucs (shart stton) Gueway (long swton
Guideway Width Double track = 11.0 m (36.1 1) Double ¥mak ~ 8.53 m (28.01) Double ¥aok - 0.1 m (00R) -RYm@IIR)
Single track ~ Uniqown ISingetck 28 m@21) Single Track — 4.3m (14.11 1) Single Feok ~ 4.3 m (14.1 &) spprodmately
Vereci Dimansions End O T W Car Ena Car () EnaCar
Lt 1Bm (00R) 12 m (0.4 ) 26.60 m (EB.61) 24.77 m @1.31) 220m (7248 nam ) 8m 18m ft.
‘%‘ m(20 Jympait) m{10m mEs
Height 3Gamu28n) 408m (133M) 32mpi080n) Im (10BR)
Maximum Traint sngth T80 upto 10vehicles - 282.14 m @272 1) 8 vehicie tasic coMgurecon < 1268 m (@I81) 8- 14 vehiies (141-2182 m)
Vehicie Capachy: B Car —Wdcar End Gar WdCar End Cor Wd Car Enacar Wid Car
No. of passengers/seats 50 L] T840 1380 90/80 100/100 TBD TBD
NOMCUR! Vehicls Weight
02M.T, (M,155D8) Inchuded in snd car 450M.T. (§0.225109) 4EM.T. m.zsn) WBMT. (7ISs) 22M.7, (B0 De) TBD TBD
W BOM.Y, (16,823 be) TMT. (1644bs) 7HMIT. THO TBD
Totat 221 M.T. (078 bs) DOMT. 010 e) X8 OM.Y. (88,180 . 2 M.T. (4400 8.
Route A¥gnmentLimkatons
Min. Horizontal Radius 500 m (1840 ft) SD0m (1840 ft), AII)m(la'MIR.)QWMVN,HSI)mclmU.)OWhMI 250 m (320 R.), 2500 m 8200 &) GO0 kmyhr (186 mph) {(Minimuem radius unknown) 3000 m (26.248 Rt) @ 453 lonvh. {300 mph)
Min, Vertcal Padius (seg) TBD 18,200 m (83,287 1) @ 500 larvhe. 3000 m (8842 ft) TBD
(oresl) T8D 38.580 m (128,573 t) & 500 lan/hw. TBD
Max Grags 5% @ <83 kmAv (300 mph) 10% Riowable streducsd speeds [3S% (suggosted), 10% @sowebis) 0% (st 4%
Guiorway feqursments 1o':
Vahich Support Trapczoiae! trverted V—shaped Guideway inverted A—sheped concrets o stesl gircer Doubile Bsam l’ypl Prestressed Concrate Gutieway Trough=~Type Gukieway
(Tight fatrication and consyuUCon tIIANCES requirsd) (Mgrt B
Levimtion Iron el etmched 1o underside of beam Long Stalor w/Asature ched to ol Imveried U —shaped iron section L 1t uidarce colls Ine d in p concrete gub y
Proputsion TBD Long Stator w/Ammahre Winding attached to underside of guideway 2025 m (90" ) wide siuminum maction plates F 1] n Y
Camist Entry: Brought onto rel car CaTisr powarsd i waking speec Mwmymmmlm-yumlmmalmqﬂu'mmlc-', Erougnt onto rell car carier power ad & waking speed. Parapets siminetad. Vehicie to be pushed or pulied onto CATler UNPCwWered LN
vohici 10 be pushed or C OTRO CarTies Ul red. revactabie whesls,
HEQR I T.72m (G54 L), O30f 2% - O.TG MXZ.08 M (2B X587 o &1 W 225 M (7.42 (L) FOm Car f1 orragnt - 18T m o Si-2nm ™ 00l
Door Connguration Two sids coxra/sicts, {4 par vahicts) Doar height 18 2.00 m (B.6 1)  Two slids docra/side/car (4 per m TBD. Probably at top of guicswey,
Mathoo of Coupling 78D Total coupling is 0.23 m (10) long, Maximum bend s 3degrecs {Roo-type links (End cars can fave amMatic couplers) located on bogies,
(not desipned to lolow reverse curves)
Operations] Characteristics at Slow Speed TED, Lavitation is independent of speed |t evitation is independert of speed. Levitation Ie independent of speed | Retractable Whesls Required beiow 100 lorvhr, (52 mph) — 4 wheswvehicle.
Electric Battery Powsred (15 min. durstion) 200 v storage batiery Cryogenic Helium Necsswary for Levitation

SUDPOTING SYuctra When Not Lavitatad

Vehicies oparate ¢n sikids

Up to 18 #oas por vehicte rest on ghaing pans iocated on
top of quigewny

[Vehiciss opette on siids oCated Near levaation magnets (20 skids/vehicis)

[Revactable Whesls suppGT vehicle on GACING plane.

275 @ 300 lowhe (138 mph)

LevRAtion Powsr Requremants and Sources ™D ILinear Synctyonous Mator {LSM), 163 Xw for levitation, Single—sided Linear truction Moty (L) - 3000 VDC, 1.1 kw/M.T. of vanicle weignt [Linesr Syncironous Motor |-SM) (Betsry powersd cperstion to 120amf1y. (76
o ain conrol, ighong
Auxiary Power Plequiements and Souces B0 50kw for AT ConGRIONING, 25 kw to rachirpe battwies, 60 kw for heatng 1.0%wAA.T. of vehicie waignt for s concationing, ghting, train canral, ets. fprimarty fer cooiingg
Vehicle mice Stationury on Carriet TBD TBD Unknown TBD
araxng
Pnmary TBD Phase — Reversing (gensmanng Unear Motor Braks mu.-mmmmmwmm Phass — reversing (Generaing) Linewr Matar Brake
Seconcary Megnetc crag (aoove 31 mph), COMposIian mNKsng skkds (<31 tmph) AutDmatic Hyarause Mechamcal Brexe Saos
Enagy Ryquirementy ’
(BTU/seat—mile) 850 @ 483 kvvhr 500 mph) projected 300 @ 300 kivhw. (185 mph), 500 @ 418 kanvhw. (260 mph)

840 @ 418 iovhr. 200 mph)
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3.0

3.1

ACCESS TO THE CENTER CITY

If maglev systems are to be commercially and economically viable, they will have
to access the centers of major metropolitan areas. The traditional approach to -
urban access has been to construct new, grade separated guideways and
terminals on newly acquired right-of-way. In today’s urban centers, such an
approach can be extremely costly, disruptive and time-consuming. This study
focuses on the feasibility of using existing railroad rights-of-way as a means of
accessing center-city terminals.

If maglev systems are to access the nation’s center cities over existing railroad
corridors, it can be accomplished in one of three possible methods:

° Maglev vehicles travel over existing railroad tracks with the use of steel
guide wheels and some means of exterior propulsion (e.g. locomotive
power). A modification of this alternative would be to construct a "dual-
mode" guideway, essentially a maglev guideway outfitted with standard
rails at gauge. Such a "dual mode" guideway might allow maglev vehicles
to transport themselves into rail passenger terminals while leaving existing
railroad facilities relatively intact.

° Maglev vehicles are transferred onto modified railroad flatcars and
transported over existing railroad tracks with locomotive power.

° New grade-separated maglev guideways would be constructed on
existing railroad rights-of-way, either in an exclusive or shared right-of-way
configuration. '

Required Clearance Envelope

If existing railroad corridors are used for future maglev operations, certain
mandated horizontal and vertical clearance requirements must be met. The
American Railway Engineering Association (AREA) Manual was consulted about
possible clearance envelopes that would apply to the project, and that search
yielded the following equipment diagrams:

9



Plate B - Equipment Diagram for Unrestricted Interchange Service

This diagram specifies a maximum horizontal dimension of 3.25 meters
(10’-8") and maximum vertical dimension of 4.60 meters (15°-1") and is
shown on Figure 3-1.

Plate C - Equipment Diagram for Limited Interchange Service

This diagram maintains a maximum horizontal dimension of 3.25 meters
(10-8") and increases the maximum vertical dimension to 4.72 meters
(15’-6"), and is shown on Figure 3-2.

Numerous contacts were also made to Amtrak’s Senior Engineer for Clearances
and Tests. Amtrak was extremely helpful and provided Cle_arance information
that. was more restrictive than that given by AREA. (The two most important
telephone conversations with Amtrak are documented in Appendix F.) This ‘ )
information takes into account all physical clearance restrictions wherever Amtrak
operates, and was adopted for use on this study.

3.2

Eastern U.S. Summary Clearance Diagram

The Eastern U.S. Summary Clearance Diagram provides the maximum
allowable equipment dimensions for unrestricted operation throughout the
Amtrak system, and is shown on Figure 3-3. This diagram allows a
maximum car height of 4.47 meters (14’-8"), based upon the overhead
catenary wire heights located both east and west of New York City’s Penn
Station. It also allows a maximum horizontal dimension of 3.20 meters
(10’-6"), which is based upon the width of the 2-track tunnel under the
Hudson River west of Penn Station. '

This diagram is applicable to all stations on the Northeast Corridor, where
overhead catenary systems are either in place or planned, and include:

° Washington D.C. Union Station;

° Philadelphia 30th Street Station;

10



AMERICAN RAILWAY ENGINEERING ASSOCIATION

Part 2
'Equipment Diagrams

1975
(Reapproved with revisions 1975)

2.1 EQUIFMENT DIAGRAM UNRESTRICTED FOR INTERCHANGE
SERVICE—FLATE B*
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2.3 EQUIPMENT DIAGRAM FOR LIMITED INTERCHANGE SERVICE—
PLATE C*
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DIAGRAM () COORDINATES

EASTERN ROTATED CLEARANCE
DIAGRAM (1)) COORDINATES

METERS FEET METERS FEET
PONT X A X \ PONT X \d x A
] 0.000 0.010 0-0° | 0°-2.7% 1 0.036 0433 0-Laz | 0-5.24°
2 -0.162 0.010 -6 | o-2Tr8 2 a.792 0.040 | -7 | O'-LST
3 -0.162 0402 2'-6 0-4° 3 0.79¢ 0.070 | 2'-1.34" | 0-2.T6°
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L Tml drawing 1a a reproduction of Amtrak Cleorance Dlagram A-05-1333 2 sheets) and provides

for unrestricted operation throughout the Amtrak system.
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possenger Iqoding.
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be constructed so that they do not
swing beyond the unﬂcdy prescribed
Emits while negottating 12°30° curve.

must have the horizonta dimension reduced
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3.3

3.4

° New York City Penn Station; and
° Boston South Station Transportation Center.
Western U.S. Summary Clearance Diagram

The Western U.S. Summary Clearance Diagram provides the maximum
dimensions of bi-level passenger equipment currently operated by
Amtrak, and is shown on Figure 3-4. This diagram allows a maximum car
height of 4.93 meters (16’-2"), based upon the station roof height at
Chicago’s Union Station. It also allows a maximum horizontal dimension
of 3.20 meters (10’-6"). This diagram is applicable to all stations outside
the Northeast Corridor. |

Composite U.S. Summary Clearance Diagram

Both the Eastern and Western U.S. Summary Clearances Diagrams were
combined to produce a Composite U.S. Summary Clearance Diagram,
shown on Figure 3-5. As can be seen, both clearance diagrams control
dimensions in certain areas.

The only area on Figure 3-5 where the Western U.S. Summary Clearance
Diagram appears to be the more restrictive condition. (outside of the
handrail locations on the sides of the clearance envelope) is from 6.99 cm
(2.75") above top of rail (TOR) to 0.61 meters (2-0") above TOR. This

situation seems to be illogical since the Eastern U.S. Summary Clearance

Diagram takes into account the presence of contact rail traction power
systems, as well as train control equipment, and would be expected to
control the clearance requirements in that area. However, the Western
U.S. Summary Clearance Diagram takes into account the presence of low
platforms and any trackside equipment which may be mounted adjacent
to those platforms.

It is assumed that low platforms would not be used in conjunction with
planned maglev systems because of increased dwell time at stations,
consequently, the Eastern U.S. Summary Clearance Diagram was used by
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WESTERN TANGENT CLEARANCE
DIAGRAM () COORDINATES
METERS FEET
POINT X Y X A
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Parsons Brinckerhoff to assess the compatibility of present and planned
maglev technologies with existing fixed facilities around the nation. This
assessment is discussed in Chapter 4 of this report.
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4.0

4.1.

TESTING OF MAGLEV CONFIGURATIONS

Each of the four selected maglev technologies were evaluated with respect to
each of two access methods, henceforth referred to as the "piggyback" mode
and the "at-grade" mode. Following are the results of that exercise -
superimposing four individual maglev vehicle cross-sections upon two different
methods of transportation, while analyzing their impact on the clearance diagram
and assessing the advantages and disadvantages of each.

Grumman "New York State" (Configuration 002) Maglev

Figure 4-1 depicts the Grumman Configuration 002 maglev in both the
"piggyback" and "at-grade" modes. As can be seen, the Grumman technology is
much too wide to fit within the clearance diagram and would interfere with both
high-level and low-level platforms. In the at-grade mode, the magnet
undercarriage would require trench construction and would prevent the use of
railroad turnouts from the dual-mode guideway. This maglev system also would
have .a significant inﬁpact upon existing structures - requiring major
reconstruction at the very least.

Advantages and disadvantages of the Grumman maglev technology in both the
piggyback and at-grade modes are displayed on Tables 4-1 and 4-2,
respectively. '
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TABLE 4-1

MAGLEV SYSTEM
GRUMMAN CONFIGURATION 002 LATEST DEVELOPMENT
ELECTROMAGNETIC SUSPENSION (EMS)

PIGGYBACK
Advantages Disadvantages
Levitation independent of speed e Vehicle does not fit clearance envelope
Relatively simple guideway structure on railcar ° Could interfere with platform
carrier :
Short car - end car 18m (59.04 ft); mid car 12m Requires two lengths of carrier - 18.3m and
(39.36 ft) 12.2m (60 and 40 ft)

Good opportunity for resolving major concerné ° Tight guideway tolerances
in conceptual design stage .

° In conceptual design stage-No test car built
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4.2

Transrapid Intercity (Transrapid 07) Maglev

Figure 4-2 depicts the Transrapid 07 maglev in both the piggyback and at-grade
modes. Again, the Transrapid maglev technology is too wide for the clearance
envelope, and would interfere with both high-level and low-level platforms. The
magnet undercarriage for the Transrapid maglev would require trench

construction in the at-grade configuration, and would prevent the use of railroad

turnouts from the dual-mode guideway. This system also would have a major
impact on existing structures, with an associated requirement for major
reconstruction at the very least. - o T C ’

Advantages and disadvantages of the Transrapid maglev technology in both the
piggyback and at-grade modes are displayed on Tables 4-3 and 4-4,
respectively.
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"TABLE4-2
MAGLEV SYSTEM

GRUMMAN CONFIGURATION 002 LATEST DEVELOPMENT
ELECTROMAGNETIC SUSPENSION (EMS)

AT-GRADE

Advantages Disadvantages
Levitation independent of speed ' ° Vehicle does not fit clearance envelope
Relatively simple modification to existing track ° Requires trench construction - cannot tolerate
structures for conversion to at-grade guideway turnouts or structures
Short car - end car 18m (59.04 ft.) ° Tight guideway tolerances
- mid car 12m (39.36 ft.) :
Good opportunity for resolving major concerns e In conceptual design stage. No test car built

in conceptual design stage

e . AT-GRADE APPLICATION IS NOT FEASIBLE
BECAUSE OF TURNOUT AND STRUCTURE
IMPACTS*

*In the context of this study where maglev would
use existing railroad infrastructure.
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4.3

HSST Passive Intermediate Speed (HSST-300) Maglev .

The HSST-300 configuration is shown on Figure 4-3 in both the piggyback and -
at-grade modes. The HSST-300 very nearly meets the requiréments of the
superimposed clearance envelope and also appears to interface with both high-
level and low-level platiorms. (Our most recent conversation with Amtrak’s
Senior Engineer of Clearances and Tests suggests that new railroad equipment
is being constructed with a constant 3.20 meters (10-6") width. That being the
case, the HSST-300 maglev would meet the "unofficial" clearance envelope.) In
the at-grade mode, elements of the required maglev guideway would interfere
with standard railroad equipment operating on the dual-mode guideway and
would have to be modified before this technology could be used in the "at-grade”
mode.

Advantages and disadvantages of the HSST-300 maglev technology in both the
piggyback and at-grade modes are shown on Tables 4-5 and 4-6, respectively.
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TABLE 4-3
MAGLEV SYSTEM
TRANSRAPID 07
ELECTROMAGNETIC SUSPENSION (EMS)

PIGGYBACK
Advantages Disadvantages
Levitation independent of speed : ° Vehicle does not fit clearance envelope
Relatively simple guideway structure onrailcar o Platform interference

carrier

Most advanced MAGLEYV technology

'Ready for commercial application

Can be battery powered for up to 15 minutes

Long vehicle - 27.0m (88'6")

Heavy loaded vehicle 58.0mt (127,825 Ibs.)
Tight guideway tolerances

Railcar carrier may need inside wheel bearings
Restrictive horizontal curve movement



20w 007 € TRAXS

L—1T
i
8

T —— —— e e o —

3 AT O NERNT

R TIY TREpIRS

R .-4“.-.4

PR SCCSOR

Koty RICRED

TR

4 CWTROLLNG PONT S,
o RO CAR VERTIEA € WWN CLEAMMCE EWEIre §
4 WTOH CAR TOP WTH CLEAMAIOE EWELOPE TOP

& COKEPT
-mﬁmmmnulvn
o PAIE NG AT OF THS STRETUNE SBJLY TO Orses

o, OER AS SO &Y SUOED MEA TITTN
COLLETYON BULD ACINE WOOPESTY - MTAXTARE TTME
AN WORD RERINE AEOESTW

_
il
i

HSST 300 on Flatbed Cer

R :&:c..¢.. ,I,

NOTRS:

£ COmErT,

CoTRLLNe FONTS,
wwvmutmmmc

BOTON WITN CLEARACE EAELOPE 6TON

wum'mw'“ﬂm PRk

3

ORSEA/ATIONS
-m;umum.mmm
.

FIGURE 4-3

PARSONS BRIISKERNOFF SUASE & BOVELAS. NG,
ENQINEARS PLANNERS

ATLANTA EeRMA

High S Surfaos Trans,
i ”(;IdSST ) Maglov port

Conflguration HSST 300

DERG Y. PATR SCALE  Far-0r DATE _MARCH 1932
3




4.4

Japan Railways Vertical Magnet (Configuration MLU 002) Maglev

Figure 4-4 displays the JR configuration MLU 002 maglev in both the piggyback
and at-grade modes. As can be seen, the cross-section is within the clearance
diagram and appears to interface with both high-level and low-level platforms. In
the at-grade mode, it may be possible to utilize the takeoff/landing wheels to
support the maglev directly on the standard railroad track structure, with the
addition of steel guide wheels to keep the maglev vehicle on the track. This
operation would be very similar to that of hi-rail vehicles (i.e. specially equipped
automobiles and trucks for use on railroad tracks). The lateral stabilizing wheels
would also have to be modified to a retractable type.

Advantages and disadvantages of the JR MLU 002 maglev in both the piggyback
and at-grade modes are displayed on Tables 4-7 and 4-8, respectively.
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TABLE 4-4
MAGLEV SYSTEM
TRANSRAPID 07
ELECTROMAGNETIC SUSPENSION (EMS)

AT-GRADE
Advantages : Disadvantages
Levitation independent of speed ° Vehicle does not fit clearance envelope
Most advanced MAGLEYV technology ° Requires trench construction. Cannot tolerate
turnouts or.structures
Ready for commercial application ° Platform interference
Does not need overhead catenary or power ° Long car 27m (88'6")
ickup. Power is supplied by contactless
induction
Guigleway mountain drive. Can climb steep ° Heavy loaded vehicle - 68.0 MT (127,825 Ibs.)
grades :

° Tight guideway tolerances

. AT-GRADE APPLICATION IS NOT FEASIBLE
BECAUSE OF TURNOUT AND STRUCTURE
IMPACTS*

*In the context of this study where maglev would
use existing railroad infrastructure.
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TABLE 4-5
MAGLEV SYSTEM
HSST 300
ELECTROMAGNETIC SUSPENSION (EMS)

PIGGYBACK
Advantages , Disadvantages
Short car - 22m (72.18ft.) ° DC power collector would need modification to
, retractable type
Levitation independent of speed ° Technology still under development - Las Vegas

track will be used to test high speeds. (HSST
200 built and tested at low speeds)

Can negotiate 250 m (820 ft.) horizontal curve ° Minor impact upon clearance envelope
Simple guideway

Loaded vehicle weighs only 30 MT (66,000 Ibs.)

Well suited for piggyback

Good opportunity for resolving major concerns
in conceptual design state



TABLE 4-6

MAGLEV SYSTEM HSST 300
ELECTROMAGNETIC SUSPENSION (EMS)

AT GRADE |

Advantages .

Short car - 22 m (72.18 ft.)
Levitation independent of speed

Can negotiate 250 m (820 ft.) horizontal curve
Simple guideway
Loaded vehicle weighs only 30 MT (66,000 Ibs)

Good opportunity for resolving major concerns
in conceptual design state

Disadvantages

Minor impact upon clearance envelope

AT-GRADE APPLICATION IS NOT FEASIBLE
BECAUSE OF GUIDEWAY INTERFERENCE
WITH RAILROAD EQUIPMENT*

*In the context of this study where magiev would

use existing railroad infrastructive.



TABLE 4-7

MA?LEV\I, %YSTEM
LATEST DEVELOPMENT
ELECTRODYNAMIC SUSPENSION (EDS)
N\
PIGGYBACK
Advantages | Disadvantages
Least infringement of all maglev systems studied o I(_go(;\geﬂs; end car of all systems studied 27.5 m

Large suspension gap - 100 mm (3.94 in.) Does
not need tight guideway tolerances. Provides
clearance for obstacles or snow

Full development 10+ years in future

Light weight permitting heavier payloads ° Uses aerodynamic braking which infringes on
clearance envelope when open

Designed for underground operation suitable for e Uses suspension bogies between adjoining

operation in U.S. tunnels cars. Compatibility with carrier coupler needs to

be established

Good opportunity for resolving major concerns o Requires two lengths of carrier - 27.4 m and
in conceptual design stage - 21.6m (90 and 71 {t.)



TABLE 4-8

MAGLEV SYSTEM
JR MLUO002 LATEST DEVELOPMENT
ELECTRODYNAMIC SUSPENSION (EDS)

. AT-GRADE

Advantages

Least infringement of all systems studied

Minimal changes to the existing rail structure

Good candidate for push-puli operation by
relocating rubber tires to match existing rail
gauge and using steel guide wheels

Designed for underground operation suitable for
operation in U.S. tunnels '

Light weight permitting heavier payload

Good opportunity for resolving major concerns
in conceptual design stage

Disadvantages
Longest end car of all syStem studied 27.5 m
(90.2 ft.)
Full development 10+ years away

Lateral stabilizing wheels would have to be
modified to retractable type

Landing wheels must be relocated to match rail
gauge. Steel guide wheels would be required



4.5

Conclusions

Table 4-9 summarizes the results of this preliminary feasibility analysis for the four
maglev designs and the two transportation modes. At this point, only the JR
MLU 002 may work in the at-grade mode, however, only if the required
modifications to the suspension bogies and takeoff / landing wheels can be -
made and the guide wheels added. Both the HSST-300 and JR MLU 002 appear
feasible in the piggyback mode; however, the HSST-300 configuration may
require a minor reduction in width. The JR design has the advantage of being
able, with minor modification, to run on existing rails on its own or to be
accommodated on board a rail car carrier, but its development is at least ten
years away and very little information was available during the course of the
study on which to base meaningful conclusions.

At this time, the required clearance envelope for unrestricted operation on
existing railroad corridors in the United States precludes use of the Grumman
and Transrapid maglev systems in either the at-grade or piggyback modes
because of their excessive width and wrap-around body designs. However,
further investigation of individual corridors in the United States could identify
facility and / or operational modifications that would permit use of these wider

technologies to access center city terminals.

The HSST-300 maglev configuration, at this point, appears to be the only
technology with a reasonable development timeframe that meets the Eastern
United States summary clearance diagram. (This assumes that an overall vehicle
width of 3.20m (10’-6") is acceptable at a height greater than 2.18m (7’-2") above
the top of rail, an assumption which is presently being acted upon in the
construction of new Amfleet lll Horizon rail vehicles.) As a result, the HSST-300
maglev technology was carried forward in this study for the investigation of a
maglev-rail car carrier intermodal concept.
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TABLE 4-9
PROJECT BAA-206

MAGLEYV - RAIL INTEMRODAL EQUIPMENT & SUSPENSION
CONCLUSION

ACCOMMODATION WITHIN CLEARANCE ENVELOPE

HSST JR ! GRUMMAN TRANSRAPID
AT-GRADE NO POSSIBLY ' NO NO
PIGGYBACK YES POSSIBLY NO NO



5.0

- 5.1

MAGLEYV - RAIL CAR CARRIER INTERMODAL CONCEPT

To enable the selected maglev vehicle (the HSST-300 maglev) to transition from
the high-speed levitated mode to the rail carrier mode (i.e., the "piggyback"
mode), certain essential design criteria have to.be established. These criteria
would include:

° a location with compatible land use charat:teristics;

e adequate right-of-way to accomplish the intended function (or the

possibility of obtaining same in a cost-effective manner);
o a site which minimizes the travel time in the "piggyback" mode;

° a site with adequate infrastructure (i.e., electric power, drainage,
transportation access) or the ability to obtain same relatively
inexpensively; and

° a site which minimizes the time of the transfer process.

Additionally, coordination between the maglev fixed guideway designers and the
existing railroad corridor operators, such as Amtrak, would be required.
Obviously, the time element and degree of complexity of the transfer process
itself pose unique problems. The whole concept of high-speed intercity travel
should not be degraded by a time-consuming modal transfer operation in the
middle of a passenger’s journey.

Transfer Scehario

To achieve the most efficient arrangement for the transfer scenario, it was
decided to terminate the maglev guideway adjacent to the existing railroad
corridor at a location which would accommodate a train of at least ten rail car
carriers with additional space for the locomotive. Currently available Amtrak-style
motive power equipment would be satisfactory for propulsion. At the same time,
the location would be as close as possible to the center city terminal to minimize
the travel time in the piggyback mode.

18



5.2

Basically, the maglev train set would arrive at the transfer point sufficiently slowed
to about 1.8 meters per second (4 mph) where it would glide onto a parked set
of coupled rail carriers. When located properly and locked down to the rail car
carrier, the now piggybacked consist would be pulled to the center city terminal
station by locomotive.

This process could be refined to provide a transfer time of about three to four
minutes, not unreasonable considering the travel time savings accrued at this
poini by the high-speed technology. During this period, the maglev passengers
would remain aboard, being adequately provided with essential car services (i.e.,
lighting, heating, air conditioning) from the maglev car battery system during the

~ transfer process, and from conventional 480v three-phase AC head end power

(HEP) from the pulling locomotive after the maglev train has been locked into
position on the rail car carrier. Alternatively, portable power pickups could be
attached to the maglev train prior to departure from the maglev guideway. The
maglev/rail car carrier "transfer station" should be provided with a few basic
features such as: ' ‘ '

° a full-length side platform at the appropriate piggy-backed maglev floor
height, to allow access/egress to or from the maglev as necessary;

° a full length canopy to shield the equipment from inclement weather; and

° exterior lighting for night operations.

Rail Car Carrier Minimum Requirements

To transport the selected maglev vehicle, the rail car carrier would need certain
basic design and performance features to provide optimal piggy-backing service. '
For the purpose of this study, we have assumed that the maglev "unit train" is
made up of 10 cars; one cab unit at each end with eight intermediate cars. The
physical lengths of the rail carrier cars, of course, will be matched to those of the
maglev units to position the couplers on the maglev vehicles over the couplers of
the rail car carrier. For example, the cab cars are about 1.8 m (6 feet) longer
than the intermediate cars in the HSST Model 300. This will facilitate proper
curve negotiation when running on conventional trackwork.

19 -



During the initial concept study, it was envisioned that the rail carrier could be of
the articulated stylé used with trailer-on-flatcar/container-on-flatcar (TOFC/COFC)
services available on freight railroads. However, as the details and physical
constraints were further studied, it became apparent that this simpler
arrangement could not be used. Axle loadings and larger than normal truck
centers placed unacceptable restrictions on the carrier design. (Appendix A
displays calculations that show a reduction in the width of the maglev vehicles
would be necessary to conform to the Composite U.S. Summary Clearance
Diagram if articulated trucks are used.) Having established these parameteré,
the rail carrier required two different lengths to conform to the HSST-300 cab
units which are 22 meters (72.18 feet) long and the intermediate cars which are
20 meters (65.62 feet) long. Each rail carrier would need two identical bogies.
Other pertinent design requirements for these carriers have been listed below
(not in any particular order).

End Intermediate

e Length over striker faces  23.22M (76’-2 3/1 6“) 20M (65'-7 7/16")
e Truck centers 156.91M (52’2 3/16") 13.90M (45'-7 7/16")
e Maximum external width 3.2M (10'-6) 3.2M (10-6)
e Tare (light) weight 24.9MT (55,000 Ibs) 22.7MT (50,000 Ibs)
e Load capacity - 29.9MT (66,000 Ibs) 29.9MT (66,000 Ibs)
e Brake equipment 26C EP 26C EP
e Couple AAR TIGHTLOCK PERMANENT TYPE
e Truck features Two-axle, outboard bearing, cast or fabricated

frame and bolster with disc brakes and
automatic hand brake (spring applied - air
release.) Rubber primary suspension, air bag
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secondary with full hydraulic damping in vertical
-and lateral directions.

e  Car construction All welded fabrication u~sing LAHT steel plates, shapes
and sheet. Fully conforming to AAR standards for
passenger equipment.

Survey of Available Rail Car Market

Having selected the HSST-300 maglev system design, and developed the basic
criteria requirements for a rail car carrier described in the previous section, a
survey of the available rail car market was initiated.

The upsurge of TOFC/COFC freight services in the United States over the last
decade has yielded many innovative styles of flat cars from the traditional
manufacturers. The trend has been to low mass, high capacity cars - cost-
effective deéigns that are easy to maintain. Current flatcar types and future plans
for next-generation carriers were obtained from trade publicafions, telephone
surveys with manufacturers and data from exhibitions. This information is
included in Appendix B. '

This survey indicated that curréntly available railroad flatcar equipment could not
fully comply with the needed requirements. Containers and road trailers do not
exhibit the same physical characteristics that have emerged from the maglev
design study. Realizing that "off the shelf' cars would have to be drastically
modified to suit the purposes of this project, it was clear that rail car carriers
would need to be virtually custom built. (If other maglev system designs are
considered, then this position may have to be reevaluated.) However, much
useful information has been gathered during the industry review, particularly with
regard to lightweight design methods for the body construction, attachment
techniques and ancillary equipment.

Rail Car Carrier Definition

Having established the conceptual rail car carrier requirements and incorporated
the most useful construction details from the available rail car market, these
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elements will be expanded in this section to describe in more detail the features
and arrangements of a conceptual rail car carrier for the HSST-300 series
maglev.

Our early studies of maglev technology characteristics directed our thoughts
toward using the maglev train to propel itself under full levitation onto the rail car
carrier train set with no other external assistance. Early investigation also led to
the belief that passenger ride comfort and noise isolation could best be achieved
by keeping the levitation system in operation during the piggyback journey.
However, after much deliberation, the complexities of supplying levitation electric
power when in this mode, together with physical operational problems, (e.g.,
heat generation and dissipation), it was apparent that a simpler method had to
be found.

Further investigation into the matter showed that it would be feasible to fit groups
of pneumatic "rollers" to the last 214 m (700 feet, the approximate length of a 10-
car train), of the maglev guideway and also on the full iength of the rail car carrier
train set. The thought is that the maglev train could best be handled by rows of
these "rollers" {or tires) being alternately_,powered and unpowered, thus moving
the maglev off the last section of its unique guideway and along the deck of the
rail car carrier train (see Figure 5-1). This concept is believed to have less power
supply problems and would by design provide a degree of maglev/rail carrier
“"cushioning" and noise and vibration isolation. Small electric motors with
reduction gear units would provide roller rotation, with electric power
permanently installed in the short section of maglev guideway. Electric power
would also be supplied to the carrier train set by an automatic electric coupling
located at the head end, adjacent to the locomotive. Of course, no roller power
would be required and would be disconnected when the piggybacked train is
moving. This design is well within the current state-of-the-art in the railroad
industry and would offer, we believe, the most cost-effective solution to this
transfer process. If such a project is advanced further, more complete
engineering analysis will be necessary, specifically in the areas of:

° safety interlocking for the tie-down devices and parking brakes;
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° some form of communication between the maglev crew and locomotive;
and

e  methods of ensuring easy operations in inclement weather.
The Transition Process

Our investigations have led to the opinion that a feasible transition process can
be achieved in a reasonable time frame with little or no passenger disruption.
Mention has been made earlier about reducing this mode change period so as to
enable operators of such intercity maglevs to minimize true city center to city
center journey times. We believe that the whole transitioning process should be
designed so that this time "delay" is in the region of four to five minutes.

The proposed maglev to rail car carrier transition process, assuming a journey
from another city into the center city terminal, is shown on Figure 5-1 and is
described below:

1. Inbound maglev trains would decelerate from their maximum cruising
speed to about 1.8 meters per second (4 mph) and would stop on the
end of the guideway which would be fitted with pneumatic rollers.

2. Levitation would be discontinued, the DC power collectors would be
retracted and 280v battery power for on-board auxiliary (i.e. heating,
lighting, air conditioning) would commence. At this point, the maglev set
would be supported by the pneumatic roller system.

3. The pneumatic roller system would be energized and would move the
maglev train onto the rail car carrier train set. At its final location, the
maglev train would be locked down, perhaps by pneumatic tie-down
latches. Head end power (HEP) and voice communications connections
would be established. (All of the above described functions could be
automated if desired.)

4., The maglev/rail carrier combination would then be moved under the
power of the locomotive unit to the center city terminal station.
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5. This system would work in reverse order for the outbound move. To
alleviate the need for the locomotive to be on the head end in the
outbound movement, it may be possible to install a control panel in the
trailing cab unit of the maglev train. In this manner, outbound trains could
be "pushed" by the locomotive which would allow a quicker turnback and
would simplify terminal operations. However, this would require controls
at both ends of the maglev train and could be cost-prohibitive.

Figures 5-2 through 5-7, attached hereto, explain various aspects of the
proposed rail car carrier system in more detail. '

Suspension Characteristics and Design

To conduct a ride quality analysis, maglev and intermodal car suspension

. parameters must first be defined. A preliminary suspension design was therefore

generated to provide these parameters, based on established engineering
practices in passenger rail vehicle design and assumed alignment and track
conditions. ‘

For the maglev vehicle, a secondary suspension was assumed at each of the five
magnet support frames (unsprung masses) of the HSST-300 vehicle. Figure 5-8
displays a sketch of the maglev/rail car mode developed for the ride quality
analysis. A 1 Hz vertical natural frequency was assumed for the loaded maglev
car (23,350 kg sprung car body mass) with 25 percent of critical damping. This
combination would provide good ride quality for the maglev vehicle on its normal
guideway. Natural frequencies of other rigid-body modes would range from 0.68
Hz (yaw) to 0.88 Hz (pitch). A first vertical body bending mode of 6.5 Hz was
chosen as typical of a vehicle this long. '

It is assumed that the pneumatic roller system would contact the magnet support
frames, rather than the car body, with five roller sets per frame. Stiffness and
damping values for the roller tires were chosen to be representative of similar
automotive-type tires. A vertical deflection of about 13 mm (0.52 inches) would
be typical under the loaded maglev car. The primary suspension of the
intermodal car is assumed to be a relatively stiff set of elastomeric bushings. An
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intermodal car secondary suspension consisting of air bags and hydraulic
dampers was chosen to provide a reasonable ride quality.

An analysis of maglev vehicle ride quality was conducted using the maglev
vehicle parameters for the HSST-300 end-car and mid-car vehicles as shown on
Tables 5-1 and 5-2, and for the corresponding intermodal cars on Tables 5-3 and
5-4. The computer simulation was modified to include the fifth magnet support
frame of the HSST-300 design (see Figure 5-8). Track and input geometry
parameters are given in Table 5-5. Preliminary analysis with a TOFC/COFC
flatcar with standard freight car trucks showed a somewhat harsh ride at the
maglev passenger compartment. A vertical natural frequency of 1.4 Hz fully
loaded (2.2 Hz for the empty car) with 22 percent of critical damping was chosen.
An intermodal car body vertical bending mode of 3.7 Hz also was inc!uded in the

analysis.

This harsh ride of the maglev vehicle was ameliorated somewhat by the use of a
premium truck. A premium truck has a lower natural frequency (1.2-1.3 Hz)
when compared with the standard freight car truck (1.4 Hz). One anticipated
problem with the softer intermodal car suspension is the vertical deflection under
the maglev vehicle as it is loaded or unloaded. A total deflection of 73 mm (2.89
in.) from the maglev guideway datum would occur unless some type of self-
leveling action were provided. In its final design, this suspension would have to
provide a compromise between good curving action and higher-speed "truck
hunting" stability.

Results of the analysis are summarized in Tables 5-6 and 5-7 for the HSST-300
end-car and mid-car vehicles, respectively. Three different ride quality criteria are
used for vertical or lateral ride comfort: :

° the PEPLAR ride comfort index;
° the NASA ride comfort (DISC) index; and

° the German Railways (Deutsche Bundesbahn) W, index.
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TABLE 5-1

PARAMETERS REPRESENTING EMS-TYPE (HSST 300 END-CAR) MAGLEV VEHICLE.

MAGLEV CAR BODY MASS, MC1

UNSPRUNG MASS (PER FRAME), MUNS

MAGLEV CAR MASS MOMENT IN PITCH, PJC1
MAGLEV CAR MASS MOMENT IN ROLL, RJC1
MAGLEV CAR MASS MOMENT IN YAW, YJC1

MAGLEV UNSPRUNG MASS MOMENT IN ROLL, RJUNS

‘ROLLER TIRES (P[ER AXLE) VERTICAL STIFFNESS, KZE
SECONDARY SUSP. VERT. STIFFNESS (PER FRAME), KZS
MAGLEV LEVITATION MAGNET DAMPING, CZE

SECONDARY SUSPENSION DAMPING (PER FRAME), CZS

ROLLER TIRES (PER AXLE) LATERAL STIFFNESS, KYE
SECONDARY SUSPENSION LAT. STIFF. (PER FRAME), KYS
ROLLER TIRES (PER AXLE) LATERAL DAMPING, CYE
SECONDARY SUSP. LAT. DAMPING (PER FRAME), CYS

ROLLER TIRES AVE. LATERAL, FROM C-LINE, AKE -
VERTICAL SUSPENSION LATERAL, FROM C-LINE, AKS

CAR OVERALL LENGTH, LOV1
FRONT END OF CAR TO C.G., LCG1
ROLLER TIRE SETS (AXLES) CENTER-TO-CENTER, LMAG

DISTANCE FORWARD, CAR CG TO FRAME 1
DISTANCE FORWARD, CAR CG TO FRAME 2
DISTANCE FORWARD, CAR CG TO FRAME 3
DISTANCE FORWARD, CAR CG TO FRAME 4
DISTANCE FORWARD, CAR CG TO FRAME 5

HEIGHT, CAR C.G. TO MAGLEV VEHICLE C.G., HMC1
HEIGHT, CAR C.G. TO 2nd SUSPENSION, HS
HEIGHT, CAR C.G. TO MAGLEV UNSPRUNG C.G., HU
HEIGHT, CAR C.G. TO ROLLER TIRE TOPS, HE

CAR BODY FIRST BENDING MODE NATURAL FREQ., FNC1
CAR BODY FIRST BENDING MODE DAMPING RATIO, ZETC1

NUMBER OF ROLLER TIRE SETS PER FRAME

23350.
1280.
.9730E+06
.4167E+05
.9670E+06
.1070E+04

.7000E+06
.1860E+06
.1400E+04
.1480E+05

.4700E+06
.9300E+05
.1150E+04
. 1050E+05

0.546
1.190

22.00
11.00
0.79

6.90
2.95
-1.00
-4.95
-8.90

2.000
1.050
.750
.165

6.5
.020

5

XXX I X X

KG
KG
KG=M**2
KG=-M**2
KG=-M**2
KG=M**2

N/M,
N/M
N-SEC/M
N/M

N/M,
N/M
N",S/Mn
N-S/M

a=
~N

Al



TABLE 5-2

PARAMETERS REPRESENTING EMS-TYPE (HSST 300 MID-CAR) MAGLEV VEHiCLE°

23350. KG
1280. KG
.8080E+06 KG-M**2
.4167E+05 KG-M**2
.8020E+06 KG=M**2
.1070E+04 KG-M**2

MAGLEV CAR BODY MASS, MCl

UNSPRUNG MASS (PER FRAME), MUNS

MAGLEV CAR MASS MOMENT IN PITCH, PJC1
MAGLEV CAR MASS MOMENT IN ROLL, RJCI
MAGLEV CAR MASS MOMENT IN YAW, YJC1
'MAGLEV UNSPRUNG MASS MOMENT IN ROLL, RJUNS

ROLLER TIRES (P[ER AXLE) VERTICAL STIFFNESS, KZE
SECONDARY SUSP. VERT. STIFFNESS (PER FRAME), KZS
MAGLEV LEVITATION MAGNET DAMPING, CZE

SECONDARY SUSPENSION DAMPING (PER FRAME), CZS

.7000E+06 N/M,
.1860E+06 N/M
.1400E+04 N-SEC/M
.1480E+05 N/M

ROLLER TIRES (PER AXLE) LATERAL STIFFNESS, KYE
SECONDARY SUSPENSION LAT. STIFF. (PER FRAME), KYS
ROLLER TIRES (PER AXLE) LATERAL DAMPING, CYE
SECONDARY SUSP. LAT. DAMPING (PER FRAME), CYS

.4700E+06 N/M,
.9300E+05 N/M
.1150E+04 N-S/M,
-1050E+05 N-S/M

nuwann

ROLLER TIRES AVE. LATERAL, FROM C-LINE, AKE = 0.586 M
VERTICAL SUSPENSION LATERAL, FROM C-LINE, AKS =  1.190 M
CAR OVERALL LENGTH, LOV1 | = 20.00 M
FRONT END OF CAR TO C.G., LCGI = 10.00 M
ROLLER TIRE SETS (AXLES) CENTER-TO-CENTER, LMAG = 0.79 M
DISTANCE FORWARD, CAR C& TO FRAME 1 - 7.90 M
DISTANCE FORWARD. CAR CG TO FRAME 2 - 3.95 M
DISTANCE FORWARD CAR CG TO FRAME 3 - 0.00 M
DISTANCE FORWARD CAR CG TO FRAME 4 = -3.95 M
DISTANCE FORWARD. CAR GG TO FRAME 5 - _7.90 M
HEIGHT, CAR C.G. TO MAGLEV VEHICLE C.G., HMCI =  2.000 M
MEIGHT. CAR C.G. TO 2nd SUSPENSION, HS = 1.050 M
HEIGHT. CAR C.G. TO MAGLEV UNSPRUNG C.6., HU - 2750 M
HEIGHT CAR C.G. TO ROLLER TIRE TOPS, HE - "165 M
CAR BODY FIRST BENDING MODE NATURAL FREQ., FNCI = 8.0 HZ
CAR BODY FIRST BENDING MODE DAMPING RATIO. ZETCI =  .0200
NUMBER OF ROLLER TIRE SETS PER FRAME - 5




TABLE 5-3

INTERMODAL CAR PARAMETERS USED WITH HSST 300 END-CAR MAGLEV VEHICLE.

-CAR BODY MASS, MCAR = 16940. KG
TRUCK FRAME/BOLSTER MASS, MTF = 1500. KG
- SIDE FRAME/EQUALIZER BEAM MASS,MSF = 600. KG
AXLE, BRAKE DISK, ETC., WAXL = 950. KG

CAR BODY MASS MOMENT IN PITCH, PJC2°
CAR BODY MASS MOMENT IN ROLL, RJC2

CAR BODY MASS MOMENT IN YAW, YJC2
TRUCK FRAME MASS MOMENT IN PITCH, PJTF
TRUCK FRAME MASS MOMENT IN ROLL, RJTF
TRUCK FRAME MASS MOMENT IN YAW, YJTF
WHEELSET MASS MOMENT IN ROLL, RJA

.7613E+06 KG-M**2
-1410E+05 KG-M**2
.7740E+06 KG-M**2
-S000E+03 KG-M**2
.1125E+04 KG-M**2
.6600E+03 KG-M**2
.3400E+03 KG-M**2

nnwnnnnun

VERTICAL PRIMARY SUSP. STIFFNESS, PER TRUCK, KZ1
VERT. SECONDARY SUSP. STIFFNESS, PER TRUCK, KZ2
LATERAL PRIMARY SUSP. STIFFNESS, PER TRUCK, KY1
LAT. SECONDARY SUSP. STIFFNESS, PER TRUCK, KY2
PRIMARY SUSP. YAW STIFFNESS,” PER TRUCK, KPSI1
PRIMARY SUSP. RACKING STIFFNESS, PER TRUCK, KRACK

.1200E+09 N/M
.1560E+07 N/M
.7200E+08 N/M
.1040E+07 N/M
.1000E+06 N-M/RAD
.1000E+06 N-M/RAD

.1750E+06 N-S/M
".7660E+05 N-S/M
.1000E+06 N-S/M
.6250E+05 N-S/M
.1000E+04 N-M-S/RAD
.1000E+04 N-M-S/RAD

Wouwowwonow

VERTICAL PRIMARY SUSP. DAMPING, PER TRUCK, CZ1
VERT. SECONDARY SUSP. DAMPING, PER TRUCK, Cz2
LATERAL PRIMARY SUSP. DAMPING, PER TRUCK, CY1
"LATERAL SECONDARY SUSP.DAMPING, PER TRUCK, CY2
PRIMARY SUSPENSION YAW DAMPING, PER TRUCK, CPSI1
PRIMARY SUSP. RACKING DAMPING, PER TRUCK, CRACK

LU B B D (B |

TRUCK C-LINE TO WHEEL/RAIL CONTACT, AWl = .756 M
TRUCK CENTERLINE TO PRIMARY SUSPENSION, AKl = 1.000 M
TRUCK C-LINE TO SECONDARY SPRINGS, AK2 = 1.154 M
TRUCK CENTERLINE TO PRIMARY DAMPING, ACl = 1.000 M
TRUCK CENTERLINE TO SECONDARY DAMPING, AC2 = 1.105 M
OVERALL LENGTH OF INTERMODAL CAR, LOV2 = 23.220 M
FRONT OF INTERMODAL CAR TO MAGLEV CAR C.G., LCG1P = 12.220 M
LEAD TRUCK CENTER TO CAR BODY C.G., LCG2 = 11.610 M
TRUCK CENTER SPACING, LTRK = 15.910 M
TRUCK AXLE SPACING, LAXL = 1.727 M
HEIGHT, RAIL TO WHEELSET C.G., HA = 305 M
HEIGHT, RAIL TO PRIMARY SUSPENSION, HK1 = .305 M
HEIGHT, RAIL TO TRUCK FRAME C.G., HTF = 425 M
HEIGHT, RAIL TO SECONDARY SUSPENSION, HK2 = .800 M
HEIGHT, RAIL TO CAR BODY C.G., HMC2 = 750 M
INTERMODAL CAR BODY BENDING FREQUENCY, FNC2 3.7 HZ

.020

"

BODY BENDING DAMPING RATIO, ZETC2




TABLE 5-4

INTERMODAL CAR PARAMETERS USED WITH HSST 300 MID-CAR MAGLEV VEHICLE.

CAR BODY MASS, MCAR = 14680. KG
TRUCK FRAME/BOLSTER MASS, MTF = 1500. KG
SIDE FRAME/EQUALIZER BEAM MASS, MSF = 600. KG
AXLE, BRAKE DISK, ETC., WAXL = 950. K&

CAR BODY MASS MOMENT IN PITCH, PJC2
CAR BODY MASS MOMENT IN ROLL, RJC2

CAR BODY MASS MOMENT IN YAW, YJC2 '
TRUCK FRAME MASS MOMENT IN PITCH, PJTF
TRUCK FRAME MASS MOMENT IN ROLL, RJTF
TRUCK FRAME MASS MOMENT IN YAW, YJTF
WHEELSET MASS MOMENT IN ROLL, RJA

.4892E+06 KG-M**2
.1220E+05 KG-M**2
.5010E+06 KG-M**2
.5000E+03 KG~M**2
.1125E+04 KG-M**2
-6600E+03 KG-M**2
.3400E+03 KG-M**2

VERTICAL PRIMARY SUSP. STIFFNESS, PER TRUCK, KZ1
VERT. SECONDARY SUSP. STIFFNESS, PER TRUCK, KZ2
LATERAL PRIMARY SUSP. STIFFNESS, PER TRUCK, KY1
LAT. SECONDARY SUSP. STIFFNESS, PER TRUCK, KY2
PRIMARY SUSP. YAW STIFFNESS, PER TRUCK, KPSI1
PRIMARY SUSP. RACKING STIFFNESS, PER TRUCK, KRACK

VERTICAL PRIMARY SUSP. DAMPING, PER TRUCK, CZ1
VERT. SECONDARY SUSP. DAMPING, PER TRUCK, CZ2
LATERAL PRIMARY SUSP. DAMPING, PER-TRUCK, CY1
LATERAL SECONDARY SUSP.DAMPING, PER TRUCK, CY2
PRIMARY SUSPENSION YAW DAMPING, PER TRUCK, CPSI1
PRIMARY SUSP. RACKING DAMPING, PER TRUCK, CRACK

.1200E+09 N/M
.1490E+07 N/M
.7200E+08 N/M
.9920E+06 N/M
.1000E+06 N-M/RAD
.1000E+06 N-M/RAD

.1750E+06 N-S/M
.7290E+05 N-S/M
.1000E+06 N-S/M
.5950E+05 N-S/M .
.1000E+04 N-M-S/RAD
.1000E+04 N-M-S/RAD

TRUCK C-LINE TO WHEEL/RAIL CONTACT, AWl = .756 M
TRUCK CENTERLINE TO PRIMARY SUSPENSION, AK1 = 1.000 M
TRUCK C-LINE TO SECONDARY SPRINGS, AK2 = 1.154 M
TRUCK CENTERLINE TO PRIMARY DAMPING, ACl = 1.000 M
TRUCK CENTERLINE TO SECONDARY DAMPING, AC2 = 1.105 M
OVERALL LENGTH OF INTERMODAL CAR, LOV2 = 20.000 M
FRONT OF INTERMODAL CAR TO MAGLEV CAR C.G., LCGIP = 10.000 M
LEAD TRUCK CENTER TO CAR BODY C.G., LCG2 = 10.000 M
TRUCK CENTER SPACING, LTRK = 13.900 M
TRUCK AXLE SPACING, LAXL = 1.727 M
HEIGHT, RAIL TO WHEELSET C.G., HA = 305 M
HEIGHT, RAIL TO PRIMARY SUSPENSION, HK1 = 305 M
HEIGHT, RAIL TO TRUCK FRAME C.G., HTF = 425 M
HEIGHT, RAIL TO SECONDARY SUSPENSION, HK2 = .800 M
HEIGHT, RAIL TO CAR BODY C.G., HMC2 = 750 M
INTERMODAL CAR BODY BENDING FREQUENCY, FNC2 = 5.0 HZ
BODY BENDING DAMPING RATIO, ZETCZ = .020




TABLE 5-5

TRACK PARAMETERS AND TRACK GEOMETRY RANDOM POWER SPECTRA.

WHEEL/RAIL AND TRACK PARAMETERS, PER WHEEL ~-

TRACK VERTICAL STIFFNESS, KZR
TRACK VERTICAL DAMPING, CZR
RAIL/TIE EFFECTIVE MASS, MRP
TRACK VERTICAL MODULUS, UTRK
RAIL LENGTH, LR

TRACK LATERAL STIFFNESS, KL
TRACK LATERAL DAMPING, CL

.7000E+08 N/M
.4380E+05 N-S/M
891.3 kG
.3450E+08 N/M/M
11.890 M-

.1750E+08 N/M
.3450E+05 N-S/M

-4500E+07 N

WHEEL/RAIL LONG. CREEP COEFF., F11 =
WHEEL/RAIL LAT. CREEP COEFF., F22 = .4000E+07 N
WHEEL/RAIL SPIN/LAT. CREEP COEFF., F23 = .7900E+04 N-M
'NOMINAL FLANGE CLEARANCE, DLYFLG - = .009 M -
AVERAGE WHEEL CONICITY, LAM = .050
TRACK RANDOM GEOMETRY PARAMETERS --
CON1 CON2 . NI N2 WVLL BSPEC
SURFACE -~  .3861E-05 .1869E-07 .910 3.590 7.3  20.0
ALIGNMENT  .2763E-07 .7137E-08 2.620 3.150 12.7  20.0
CROSS LEVEL .6954E-05 .4829E-07 .810 2.520  18.3  20.0
FIRST 16 SPECTRAL COMPONENTS.OF RAIL LENGTH --
SURFACE -- |
.1392E-03 .8299E-04 .4719E-05  .2104E-05  .3657E-06  .6076E-06
.1599E-06 - .3500E-06 .4306E-06 .3933E-06 .1835E-06 . .9851E-07
.0000E+00  .0000E+00  .0000E+00  .DOOOE+00
ALIGNMENT -- -
.8016E-04  .4916E-05  .7865E-06  .3146E-06  .DODDE+00  .DOOOE+00
.0000E+00  .0000E+00  .0000E+00  .000OE+00  .0O0OE+00 - .0000E+00
.0000E+00  .0000E+00  .0000E+00  .0000E+00
CROSS LEVEL -- .
.1599E-03  .8199E-04 .1105E-04 .1105E-05 .1834E-05 .3932E-06
.5053E-06  .2654E-06 .1105E-05 .2654E-06 .2069E-06  .698OE-07

.0000E+00  .0000E+00  .0000E+00.  .000OE+00




TABLE 5-6

Ride Quality Assessment of EMS-Type HSST 300 End-Car
on Premium-Truck Intermodal Flatcar, Good BJR Track.

End Car Ride Quality Indices

Speed

(kph) PEPLAR NASA DISC W, (vert.) W, (lat)
50 1.51 1.07 2.13 1.77
75 1.61 . 1.36 2.14 2.12
100 1.65 1.51 2.18 2.24

125 1.70 1.82 2.29 2.27

150 1.84 2.29 2.50 2.35

Note: 150(f) denotes 150 kph with hard wheel/rail flange contact.

. TABLE 5-7 ‘
Ride Quality Assessment of EMS-Type HSST 300 Mid-Car

on Premium-Truck Intermodal Flatcar, Good BJR Track.

Mid Car Ride Quality Indiées
Speed
(kph) PEPLAR NASA DISC W, (vert.) W, (lat.)
50 1.41 0.84 2.11 1.45
75 1.51 1.09 2.22 1.77
100 1.56 1.44 2.24 1.98
125 1.63 1.62 2.27 2.12
150 1.73 1.91 2.36 2.26
Ride Quality Ratings: k2 Condition of Ride Peplar __Comfort Scale
1 *Excellent* 1 very comfortabile
2 "good" "2 Comfortabie
3 “Satisfactory® 3 Somewhat comfortable
4 "Car in Working Order* ' 4 Neutral
5 'Dangerous'; 5 Sowewhat uncomfortable
6 Uncomfortable
7 Yery uncomfortable

" NASA DISC from 1 to 6, where 6 = "High degree of discomfort”.




5.7

There is rather good agreement among the three indices. Based on the model,
the ride quality is predicted to be "good" or "comfortable" on bolted jointed rail
(BJR) track geometry typical of commuter rail lines, and quite acceptable for the
limited travel time expected between the interchange point and the center-city
terminus. The ride quality would be improved somewhat with the use of
continuous welded rail (CWR) track geometry.

Conclusions

As a result of this analysis, it appears feasible that a maglev train could transfer
onto a rail carrier within a time 'span of 4 to 5 minutes. This modal transfer time
must be factored into the remaining travel time to develop a total travel time
between center cities, and its reasonableness must be tested against other high
speed transportation modes (i.e., high-speed rail). '

The rail car carriers would have to be designed to accommodate the specific
maglev technology that is chosen - no "off the shelf" railroad equipment would
meet the unique requirements of this mode without major modifications.
However, much of the existing railroad technology can be adapted for use on the
maglev/rail car carriers.

If this intermodal concept is furthered as a means of accelerating the
implementation of maglev technology in the United States, precluding the need
for construction of maglev guideways in the center cities in the near future,
additional engineering work will be necessary. This further work would define:.

° the scope of work for the design, construction and testing of a
prototypical maglev / rail car carrier;

° a schedule for program implementation; and

° a budget for design, construction and testing.
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6.0

URBAN TERMINAL AND CORRIDOR CHARACTERISTICS

In order to assess the feasibility of maglev systems accessing existing urban
transportation terminals in the United States, information on fifteen (15) selected
cities was gathered and reviewed. These cities are located on some of the most
heavily traveled corridors in the nation and are circled on the attached Figure 6-1,
Amtrak’s National Rail Passenger System map. Information reviewed included
miscellaneous reports and studies, railroad valuation maps (showing track plans,
right-bf-way holdings, terminal layouts, turnout information, adjacent land uses,
etc.), United States Geological Survey (USGS) 7.5 minute topographic maps,
track charts, photographs, typical cross-sections, periodicals, and technical
magazines. (A list of this information is provided in Appendix E, as well as in the
References.) At the same time, telephone conversations were initiated with_
Federal, State and local officials regarding present and future tfansportation
improvement plans for the individual metropolitan areas. Special attention was
paid to the following: '

° the presence and location of existing transportation terminals and their
effectiveness in serving the needs of the individual metropolitan area;

¢ the physical characteristics of the transportation corridors which serve
those terminals;

° characteristics of adjacent land uses, and any proposed modifications;

° plans for major capital investment in transportation facilities (e.g., transit
systems, multimodal facilities, major rehabilitation, etc.);

° restrictive horizontal and vertical clearances;
° horizontal curve radii;
° length and height of existing station platforms and the presence of

platform gaps;
° characteristics of current operating equipment;
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6.1.

e - presence of electrification and power pickup arrangements, if applicable;
and

° present and future interfaces with other transportation modes.

At the same time, certain operational characteristics such as terminal and line
ownership, existing traffic levels, timetables and other factors were evaluated as
that information was made available.

Following is a discussion of the individual urban areas, a description of their
existing transportation infrastructure and current and future transportation plans
and an assessment of the feasibility of implementing maglev systems in these
areas. Applicable plans, terminal drawings, sketches and other information are
included where available.

San Francisco

Two transportation'terminals exist in downtown San Francisco - the Transbay
Terminal located on Mission Street between Beale and 2nd Streets, and the
Caltrans Terminal at 4th and Townsend Streets. The Transbay Terminal is a
méjor bus terminal which also serves as the Amtrak Station for rail passengers
who make a connecting bus transfer from the main Amtrak station in Oakland.
Amtrak offers the only direct intercity rail service into San Francisco today,
travelling along the peninsula to San Jose and continuing on to Gilroy, 126 km
(79 miles) to the southeast. The number of daily trains on this Caltrans route was
increased from 54 to 60 trains in JUIy 1992. However, the Caltrans terminal at 4th
and Townsend Streets is located seven blocks from Market Street, the main
downtown street which. contains the Bay Area Rapid Transit (BART) and San
Francisco Municipal Railway (MUNI) subway, and is nearly 1.6 km (one mile)
from the city’s central business district (CBD).

The Caltrans Terminal was operated by the California Department of
Transportation, which took over commuter rail service from the Southern Pacific
Transportation Company (SPTC) in 1980; however, Amtrak assumed commuter
rail operation in July of this year. The Caltrans Terminal is owned by Amtrak, and
contains 11 stub-ended tracks. ‘A total of six low-level platforms serve these 11
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tracks, ranging in length from 198 meters (650 feet) to 256 meters (840 feet).
(See Figure 6-2.) The platforms are continuous and there is no electrification. A
complex system of turnouts on the west side allows access to the terminal from
the 2-track mainline to San Jose / Gilroy that parallels the San Francisco Bay.

Corridor Characteristics

The SPTC Bayshore line parallels the west shore of the San Francisco Bay
through San Jose and down into the agriculturally-rich San Joachin Valley.
- Commuter rail service (i.e., CalTrain) is operated from the 4th and Townsend
Terminal to Gilroy. The 2-track mainline was recently purchased by the State
from the SPTC for $230 million, and has a maximum degree of curvature of 10°
50’ as it turns south to San Jose from the CalTrain terminal. The main line tracks
in the city are grade-separated for the most part, with a mixture of both
underpasses and overpasses, along with a few grade crossings. This corridor
also contains the four (4) tunnels listed below:

° Tunnel #1 - 554 meters (1,817.3 feet) long, located south of Mariposa
Street P

® Tunnel #2 - 331 meters (1,087.4 feet) long, located south of 23rd Street

° Tunnel #3 - 721 meters (2,364.0 feet) long, located south of Oakdale
Street

° Tunnel #4 - 1,081 meters (3,547.0 feet) long, located south of Paul
Avenue. -

These tunnels have sufficient clearance for both single-level and bi-level
commuter rail equipment, as shown on Figure 6-3. South of Tunnel #4 is the site
of SPTC’s Bayshore Yard site. This facility has not been used as an active
transportation facility for some time, and is about 1.6 km (1 mile) southwest of
Candlestick Park. South of the Bayshore Yard, the main tracks turn right along a
2015’ curvature around the San Bruno Mountains at Sierra Point. At this location, -
the mainline tracks were relocated and a 5th tunnel through the mountains was
abandoned as part of the Bayshore Highway construction. The tracks at this
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point bisect the cities of South San Francisco and San Bruno, and pass less than
1.6 km (1 mile) from the San Francisco International Airport terminal. The
Caltrans tracks south of the airport are well-situated within the numerous cities
and suburbs along the South Bay area and are in close proximity to many of the
area’s activity centers (e.g. San Mateo County Fairgrounds, Bay Meadows
Racetrack, Stanford University, San Jose International Airport, University of Santa
. Clara). The CalTrain service and the Santa Clara County Transportation
Agency’s light rail transit system interface at Tamien Station. A total of 24
commuter rail stations are located between San Francisco and San Jose
(College Park), most with 183 meter (600-feet) long low-level platforms.

Future Plans

Because the CalTrain terminal at 4th and Townsend is nearly 1.6 km (one mile)
from San Francisco’s CBD, transportation planners have been studying ways of
getting this commuter rail terminal closer to the CBD, and are completing an
environmental impact statement for a 2.41 km (1.5-mile) extension that would
move the terminal to a more central downtown location. Three options are being
studied which would extend the existing tracks from just north of Tunnel No. 1 at
Mariposa Street to an underground terminal located close to the city’s central
business district (see Figure 6-4). All three options would share portions of the
same right-of-way, and have 304.8m (1000-foot ) long platforms and 6-track
terminals. They would also include an intermediate underground station in the
Mission Bay Project area and a new yard facility located at Bayshore
approximately 9.6 km (6 miles) south of the new terminal locations. The three
options are:

° Alternative 4 - this alignment would use an 8-degree curve to transition
- into the King Street right-of-way where it would continue underground to a
new Mission Bay subway station located at 4th and King Streets. The
alignment would transition into Second Street via a 14-degree curve, and
would end in a 2-level terminal located within the right-of-way of Second
Street and connected to the BART/MUNI Montgomery Street Station
through a shared mezzanine.
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s Alternative 5A - this alignment is identical to Alternative 4 until Second
Street where it would continue along King Street to the Embarcadero.
This alignment would remain underground beneath the railroad tracks
which parallel the Embarcadero and would turn again into the Main Street
right-of-way. After proceeding under the freeway and bus ramps located
east of the Transbay Terminal, the alignment would curve into the right-of-
way between Howard and Natoma Streets, ending adjacent to and south
of the Transbay Terminal just short of Second Street.

° Alternative 5B - this alignment is almost identical to the Alternative 4
alignment, utilizing the King Street and 2nd Street rights-of-way. Just
north of the Folsom Street/2nd Street intersection, a series of No. 10
turnouts and 12-degree and 15-degree curves transitions the 2-track
alignment into a 6-track terminal located adjacent to and south of the
Transbay Terminal in the right-of-way between Howard and Natoma
Streets, ending at Beale Street.

In Alternatives 5A and 5B, a 312.1m (1,024 feet) long pedestrian passageway is
proposed under Fremont Street. Complete with escalators, elevators and
moving sidewalks, the passageway would facilitate intermodal transfers between
the proposed commuter rail-Amtrak terminal, the Transbay Terminal and the
BART/MUNI Embarcadero Station. The estimated cost of these three station
relocation alternatives ranges from $475 to $867 million, and the Environmental
Impact Statement process is currently on hold.

MUNI plans an extension of its light rail transit (LRT) system from Embarcadero
Station to the planned mixed use development at Mission Bay in 1997. This
extension would run at-grade in an assumed King Street median and would
serve the existing Fourth and Townsend Terminal as well as the planned Mission
Bay subway station at 4th and King Streets, terminating at Sixth Street.

BART recently broke ground for a $139 million extension of the Daly City line to
Colma as the first leg of an extension to the San Francisco International Airport.
Possible alignment alternatives at the airport include a subway station under the
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central parking garage as well as a station located just west of the airport in the
SPTC right-of-way. '

In downtown San Jose, the CalTrain Cahill St. Station which serves CalTrain and
Amtrak operations on the peninsula is undergoing a $5-million facelift. This
station is across the street from the planned San Jose Arena and will connect
with Santa Clara County Transportation Agency’s (SCCTA) planned Vasona LRT
Extension. The existing LRT system also interfaces with CalTrain at Tamien
Station and SCCTA is planning a Tasman Corridor project that will interface with
CalTrain again at Mountain View. )

Implementation Issues

The corridor is well suited, for the most part, for the higher-speed maglev
technology between the San Francisco/San Jose urban area. Much of the
corridor in the higher density areas is grade-separated, with long tangent
'sections and relatively flat curvature (most in the 1 to 3 degree range). There
are, however, numerous grade crossings in the lower-density South Bay
suburban areas, which would require grade separation if high speed ground
transportation is employed.

In order for the future maglev system to utilize the existing railroad corridor into
downtown San Francisco, it would have to operate within the four tunnels
previously discussed. One of the wider maglev systems (Transrapid) was
superimposed upon the existing tunnel envelope in two scenarios to ascertain its
impact upon the tunnel system. That investigation is shown graphically on Figure
6-5, and shows that one of the wider maglev systems available is able to
successfully negotiate these significant civil works into the central San Francisco
area. If no modifications are made to the existing tunnel invert, the top of rail on
the dual-mode structure must be raised about 0.17m (6.69 in.). If this raising of
the top of rail is unacceptable, then the tunnel must be lowered that amount to
provide the proper undercar clearance on the "wrap-around" magnet
configuration.
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The BART Extension to the airport holds some interesting possibilities. Should
the proposed terminal project not be pursued (because of cost or other
considerations) or be deemed to be unacceptable for high speed application
because of extremely constrictive curvature or other operational considerations, it
may be possible to construct a high speed (maglev) / heavy rail transfer station
at the airport. Feasibility of this transfer station would ultimately depend upon its
final location and a host of organizational / institutional issues.

In its BAA report, Martin Marietta recommended that a Los Angeles - San
Francisco maglev system use the Interstate Highway 5 and 580 rights-of-way to
terminate in the East Bay area at San Leandro. At San Leandro, the maglev
system would interface with the existing BART system. As an alternative, another
route over the Call Mountains east of Salinas near Panoche Pass should be
investigated. This possible’ alignment would provide access to the highly
populated South Bay areas from Gilroy north, and may prove to be a more viable
alternative.
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6.2

Los Angeles

Description of Existing Transportation Terminals

The Los Angeles Union Passenger Terminal (LAUPT) is located on the northeast
corner of Alameda and Aliso, and is owned by the Los Angeles Union Passenger
Terminal Company. The terminal is served by Amtrak, the Union Pacific Railroad
(UP), the Atchison, Topeka & Santa Fe Railway (ATSF) and the SPTC, and is
capable of handling bi-level commuter rail equipment. LAUPT contains a total of
17 stub-ended tracks (4 have been removed)-and 11 low-level platforms ranging
in length from 152.4 meters (500 feet) to 317 meters (1,040 feet, as shown on
Figure 6-6). Two of the platforms, 277 meters (910 feet) and 299 meters (980
feet) in length, presently serve no trackage. All platforms are accessed from a
passenger subway and are continuous. There is presently no electrification of

- the tracks at LAUPT. A four track system feeds the terminal from the horth, with

a series of 9° 30’ curves to the right providing access to the three railroads
discussed above at an interlocking located above the Los Angeles River.

" Railroad trackage parallels the river on both sides in both directions from this

river crossing area called Mission Junction. The minimum turnouts used for the

-interlockings are No. 10’s.

The Southern California Rapid Transit District (SCRTD) bus system serves the
terminal well, and the Red Line heavy rail system will interface with LAUPT
through a newly-constructed subway station which is located under the yard
area and very nearly perpendicular to it. The Los Angeles Region’s proposed
640 km (400 mile) - 60 station commuter rail operation (Metrolink) will also utilize
LAUPT as its hub operation, making this terminal very valuable from an
intermodal framework. Metrolink began operation on October 26 with a total of
12 trains serving 10 commuter stations over a 182 km (114 mile) network
reaching Moorpark to the northwest, Santa Clarita on the north and Pomona on
the east. Patrons can transfer free to Metrolink shuttles which will travel
throughout the downtown area, and will also be able to transfer free to the Red
Line heavy rail system when it begins operation in March 1993. Other modes of
transportation at the LAUPT include taxis and corporate shuttles.
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Corridor Characteristics

As trains depart LAUPT for points north, the alignment on the corridor is rather
circuitous. Mission Junction must be negotiated prior to entering the Southern
. Pacific Transportation Company (SPTC) right-of-way which is parallel to and just
west of the Los Angeles River. Dodger Stadium is about 1.6 km (1 mile) to the
west of the corridor in Elysian Park at this point. The Los Angeles County
Transportation Commission (LACTC) recently bought the 107 km (67 mile) SPTC
corridor from downtown to Paimdale for future Metrolink operation and both the
Moorpark and Santa Clarita trains operate on portions of this right-of-way. This
purchase provides additional access into LAUPT via another bridge over the Los
Angeles River located between the Pasadena Freeway and Interstate 5 (the
Golden State Freeway). :

After crossing the river and passing under Interstate 5, the alignment passes an
extensive Southern Pacific freight classification yard and begins to parallel San
Fernando Road. The curves encountered along the corridor in this area are in
the one to two degree range, relatively well suited for high speed operation. The
railroad corridor passes to the west of Glendale’s town center and bisects
Burbank. . The Hollywood-Burbank Airport is just west and south of the corridor
at this point. As the mountains north of Los Angeles approach, a series of
reverse curves takes the corridor under Interstate 5 near its intersection with
Interstate 210 (Foothill Freeway), then parallels it over the mountains, past Six
Flags Magic Mountain and out of the L.A. metropolitan area.

Future Plans

LACTC has embarked upon the most ambitious transportation improvement
program in perhaps the world, planning to spend about $183 billion over the next
30 years to improve mobility in the Los Angeles metropolitan region (see Figure
6-7). This program includes integrated highway, bus, rail and transportation
demand management elements and includes a future LRT line serving Glendale
and Burbank, as well as a Blue Line LRT Extension to Pasadena. Access to Los
Angeles International Airport will be provided via additional planned rail projects.
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Implementation Issues

The entire Interstate 5/SPTC corridor north from downtown Los Angeles is
suitable for higher speed operation. Numerous grade crossings on the corridor
- would have to be grade separated and certain curves would have to be
smoothed out. One unknown factor at this point is the impact of the Red Line's
opening in March 1993 and the recent opening of Metrolink upon LAUPT's
operation. |If ridership projections are met or exceeded, LAUPT could be an
extremely busy place, with inherent capacity problems to follow. One question to
be addressed-in the near future will be LAUPT's capacity to absorb-additional
operations in the form of maglev/high speed rail.
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6.3

San Diego

Description of Existing Transportation Terminals

The rail passenger terminal in San Diego is located at the northwest corner of
Kettner Boulevard and Broadway, as shown in Figure 6-8. The terminal,
formerly owned by the ATSF, was recently sold to Catellus Development
Corporation; however, ownership of the railroad trackage remains with the
ATSF. A 2-track main line bisects the station site, with a third through-track
branching off in the station area. Three continuous low-level platforms, ranging
in length from 265 meters (870 feet) to 341 meters (1120 feet), provide service
to rail passengers. A total of 9 stub-ended tracks are located both east and west
of the main tracks, with maximum degrees of curvature from 7° 30' to 14° 30"

~ The maximum degree of curvature on the main line is 8° 00'.

The rail terminal (Santa Fe Depot) is well located within downtown San Diego,
providing easy access to numerous hotels, restaurants and retail stores. The
terminal design is simple and straightforward, and can easily accommodate bi-
level commuter rail equipment. The San Diego Trolley used to terminate on 'C'
Street across from the depot, but now continues through the recently-completed
America Plaza office tower, across the front of the depot property and through
the Broadway intersection as part of the recently-opened Bayside line. The first
two stations on the North Line were opened in July 1992, and provide a direct
connection to Amtrak at the Santa Fe Depot and service to the San Diego
County Administration Center. The only electrification in the area is the
overhead catenary system which powers the San Diego Trolley.

Corridor Characteristics

As the railroad corridor proceeds north out of the Santa Fe Depot area, the
trackage continues as the planned Metropaolitan Transit Development Board's
(MTDB) North Line Extension to the historic district called Old Town.
Construction of this 5.4 km (3 mile) long, $30.9 million extension started in July
and is expected to open in late 1995. This line will pass within 1.6 km (one mile)
of the San Diego Zoo in Balboa Park, and within 1.6 km (one mile) of the San
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Diegd International Airport terminal. The railroad trackage adjacent to the airport
uses curvature in the 1 to 3-degree range to parallel Interstate 5 (the San Diego
Freeway) as it proceeds out of downtown, and has numerous grade crossings
south of Interstate 8.

North of Interstate 8, the railroad corridor is grade separated for the most part
and is parallel to and just east of the San Diego Freeway. It passes within 2.4 km
(1.5 mi) of Sea World Aquatic Park located in the Mission Bay area. The railroad
corridor departs from the San Diego Freeway alignment north of California
Highway 52 and turns east to pass by the Miramar Naval Air Station. Further
north, it turns back west, crosses under the San Diego Freeway and generally
parallels the Pacific Ocean coastline toward Los Angeles.

Future Plans

MTDB has in place a year 2005 Rail Plan, which plans extensions to the LRT
system in a number of directions. The planned North Line will eventually extend
from Old Town to the Del Mar area, a distance of about 48 km (30 miles). Under
study are future extensions which will serve the San Diego International Airport
(Airport / Point Loma Segment), Mission Bay (Mission Bay Segment) and
Miramar N.A.S. (Miramar Road Segment).

The MDTB and the North San Diego County Transit Development Board, in joint
operation, recently concluded right-of-way negotiations for a 68.8 km (45 mile)
commuter rail system from downtown San Diego to Oceanside. This system is
scheduled to open in January 1993.

Implementation Issues

The railroad corridor entering San Diego from the north is generally favorable for
higher speed operation. If maglev were to be implemented, it could probably
" follow the planned LRT / commuter rail alignment for the most part. Grade
crossings would have to be eliminated and speeds would have to be adjusted to
fit the existing curvature. Because of the highly developed nature of the adjacent
land use, there are not many opportunities to "flatten out" the existing curvature.
North of State Highway 52, it would be more favorable to follow the Interstate 5
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(and planned North Line LRT Extension) alignment rather than the railroad
corridor. The Interstate 5 alignment is much more straight-forward in this area,
and passes much closer to the University of California - San Diego campus.
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6.4

St. Louis

Description of Existing Transportation Terminals

The old Union Station in St. Louis is located on Market Street between 18th and
20th Streets, and is a grand terminal in the old tradition. The terminal is on the
National Register of Historic Places and went through an extensive renovation in
the late 80’s. The terminal is now home to a top-quality hotel and numerous
restaurants and retail outlets. The former train station had a total of 32 stub-
ended tracks and 17 low-level platforms in its heyday, with 2 yard throats and an
extensive system of turnouts to accommodate movement onto and off of the 5-
track main line running in an east-west direction. An extensive system of
pedestrian and baggage tunnels served the terminal area, and a street trolley
was located at Market and 20th Streets.

. The main tracks are owned by the Terminal Railroad Association of St. ‘Louis, a

corporation jointly owned by the Union Pacific, Burlington Northern, Southern
Pacific, CSX, Norfolk Southern and lllinois Central Railroads. All but 4 of the stub-
ended tracks at Union Station have been removed and the wooden platforms
have been replaced by low-level concrete platforms ranging in length from 262
meters (860 feet) to 305 meters (1,000 feet). Amtrak relocated from the terminal
years ago and now operates from a small facility at 16th Street. A single wye
track, with 13° 00’ curvature, gains only eastbound access to the main tracks.

The terminal is located about 1.6 km (1 mile) west of the central business district.
The new Metro Link LRT system now under construction will have a station in the
terminal, located at the existing baggage tunnel under 18th Street near Clark
Avenue (see Figure 6-9). The Metro Link LRT system is scheduled to open in
July 1993 and will provide fast and convenient transportation to all points of
interest in the downtown St. Louis area, as well as to the Lambert St. Louis
Airport. In the airport, Metro Link will stop about 45 meters (150 feet) from the
airline ticket counters inside the terminal. The Metro Link yard and shop complex
is located in the southwest quadrant of Jefferson and Scott Avenues, about five
blocks west of Union Station.
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Corridor Characteristics

As one approaches St. Louis from the northeast, numerous railroad corridors are
available in the Granite City / East St. Louis area. Among the railroads operating
in the area are the Burlington Northern, Southern Pacific, Conrail, lllinois Central,
Union Pacific, Norfolk Southern, Alton & Southern, CSX, and the Terminal
Railroad Association of St. Louis (TRRA). Many of these corridors approaching
St. Louis have long segments of tangent trackage connected with relatively large-
radius curvature, and three of these major corridors converge near the town of
Mitchell. There is an extensive and complex system of railroad storage yards,
interlockings, grade separations and grade crossings in the area immediately
across the Mississippi River from St. Louis.

Currently, railroad trains crossing the river do so over two bridges - Merchants
Bridge and MacArthur Bridge. Both bridges are owned and operated by the
TRRA. At one time, railroad traffic also used the historic Eads Bridge just north of
downtown St. Louis. However, during the planning of the Metro Link LRT
system, a unique ownership swap was arranged. TRRA donated the Eads
Bridge to the Bi-State Development Agency, the organization charged with
building Metro Link. The Eads Bridge is a 2-level structure built in 1874 and is
currently being rehabbed for operation of the LRT system on its lower level. In
turn, Bi-State donated the MacArthur Bridge to the TRRA. Railroad traffic
westbound on the MacArthur Bridge access the railroad corridor which runs in
an east-west direction just south of downtown St. Louis, on which is the Union
Station terminal. Railroad traffic westbound on the Merchants Bridge access a
railroad corridor which now runs south toward downtown St. Louis along the
Mississippi Riverfront. This corridor is somewhat more circuitou<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>